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PREFACE 

!'Hv.s,oux,y  «  the  basis  of  medicine,  ami  the  further  advance  of  these 
«c,e„ces  depends    n.a,„ly   upon    the   "  experi„u,ntal   n.eth«r       T^" 
meduM.1   student,  the  future  physician,  should  undergo  a  rrainin/h 
practical  physiology,  for  thereby  he  learns  the  most  Important  of  I 
lejns  ;  he  learns  to  observe,  to  d^w  conclusions  from  his"^.  JvatL^ 
and  to  unravel  the  causes  of  his  failures.  rva^ons. 

The  importance  of  practical  physiology  is  .u.doubted.  but  as  to 
or"  'TZ  r"^/  ''*  experimental  work,  which  is  most  uLt 
ll^^^t  ?^r':  f'*"  "  considerable  difference  of  op^n 
among  teachers  of  physiology.  In  this  country,  perhaps,  too  much 
stress  has  ..en  laid  upon  the  physiology  of  muscle  L  n^ve  foHhe 
hope  that  a  study  of  the  properties  of  these  tissues  wilUmfcJd  tt 
en.gm.  of  hfe  ,s  likely  ever  to  ™„   i„  without  consummation 

An  advance  ,n  the  knowledge  ot  .he  living  organism  as  a  whole  one 

iX  rlT  r"J"^"^'  "^  '"^"  «"'"^  >>y  experiments  .^^^ 
Imng  anima ,  treated  as  a  unit  and  not  as  a  collection  of  separate 

coSZTf  TT-  ^"'  P""**"'  P^^"'"'^^^  '-d«  extensionTT 
courses  of  instruction  given  to  students.  It  should,  as  far  as  possibll 
have  a  direct  relation  to  medicine.  possible, 

The  methods  which  are  used  in  the  investigation  of  the  rp«n,r«t^r„ 

senses  the  chemistry  of  the  blood,  of  digestion,  and  of  urine-these  are 
he  subjects  which  are  especially  required  by  the  clinician.     Thersr 

CleT^r  :'^''  ^  '''-'-'  '  --^'  ^'^^  -  ^^^  -dy  tf 
In  the  present  work  the  authors  have  attempted  to  give  some  exten 

tiol  ^art  T  '^'\^'''y,  '"*«  -  «'--t-ry  and  an  advanced  por- 
T'■^^  T^  °^  elementary  experimental  physiology  The 
physiology  of  muscle  and  nerve,  cii^ulation,  re.p...tion,'aniS^  hit 
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the  eentnil  lUTvoim  ttyHtciu,  urn!  tht*  HixM-ial  swhimmi)  :  Purt  II.  of 
«'lfn«oiit4»n'  |)hynioI()j(inil  ch'sniiHtry  ;  Part  1 1 1,  of  iwhunretl  cxperini«'iital 
phyMJology  ;  ami  Part  IV.  of  advaiiciMl  phy^iolugii-al  fhomiutry. 

The  L>.x|H>rini(>iiti«  npoii  the  phyHJolog}'  ot  inuttele  uiiii  nerve  are  Iwned 
ii|)oii  the  course  given  at  (Uivh  Hospital — a  course  ni<Klellwl  on  a 
reiluceil  m-ale  u|H)n  the  exeelleiit  practical  counieH  given  at  OxfonI  hy 
ProfeiMor  Bunion  NanderiMin  anil  Profe>W4)t  (}otoh.  The  experiments  in 
this  section  have  Ixien  limited  an  far  as  possible  to  those  which  can  1h! 
conveniently  perfonned  with  simple  ap|>aratUH  liy  a  large  class  of 
students.  For  this  reason  the  experiments  with  the  galvanometer  an<l 
capillary  electrometer  have  lieen  restricted  to  demonstrations,  and  very 
few  <letails  of  such  ex])eriments  are  given. 

There  are  sonic  important  experiments  upoti  the  circulation  and 
respiration,  which  for  various  reasons  cannot  !)«  properly  performed  l»y 
the  student  ;  these  have  lieen  collected  together  an  demonstrations  in 
Parts  I.  and  III. 

The  subject  of  vision  is  so  important  from  a  mo<lical  as  well  as  a 
physiological  and  psychological  point  of  view,  that  it  has  here  received 
more  extensi\e  treat^ient  than  is  usually  the  case  in  works  on  practical 
physiologj'. 

In  those  portioii^^  of  the  book  which  treat  of  physiological  chemistry, 
an  attempt  has  been  made  to  demonstrate,  step  by  step,  the  chemical 
relationships  which  exist  Itetween  the  vaiious  substances,  and  to  illus- 
trate, by  suitable  experiments,  the  different  properties  of  those  bodies. 
The  drawings  of  crystals  were  executed  by  Mr.  W.  K.  M.  Turtle,  to 
whom  the  authors  are  deeply  indebted. 

Figures  hum  been  borrowe<l  from  The  Fhimlogiml  Action  of 
Drugs,  by  M.  S.  Penibrey  and  C.  D.  F.  Phillips.  For  the  loan  of 
numerous  blocks  illustrating  physiological  apparatus  the  authors  are 
indebted  to  Messrs.  Baird  &  Tatlock,  of  Hatton  Garden,  E.C.  The 
sources  of  other  diagrams  and  tracings,  which  have  l)een  Iwrrowed,  are 
indicated  in  the  description  of  the  figures.  The  initials  of  the  author, 
who  took  the  record  of  the  original  tracings,  are  appended  to  the 
respective  curves. 


CONTKNTS 
PAHT  I. 

MUSCLE    AND    NKRVK.       CIRCULATION.       HKSI'IHATIOX. 

ANIMAL  HKAT.      CKNTRAL  NKRVoUS  SYsTKM   AND 

SPl-XJIAL  8KN8K.S.      (KLKMENTARV  I     UKSK.) 

(HAP, 

IntiiKluetioii,     ---......  '  I 

I.  Elettiiiiil    AppaiHtuH    foi-    l\vMi..l,.^ical    Exiieijiii.-nt.        Hv 

A.  F.  Bedclanl,       --.....•  ^ 

n.  The(}r«phk'  Meth.K!      Maximal  an.l  Minii.       Stimuli.     Ui.i 

polar  Exiitation.     i ..  A.  P.  B.,     -        -        .        .        .         .         j^ 

in.  A    .Single    (Wtraitioi.    of    «    (;aMtr.K.neiiiiuM    Miwle       Bv 

A-  t-  «•. -         -         -        '.         .,i 

IV.  The  CoiiditionH  which  affect  Single  Muscular  ( 'onti-PctionH      Bv 

AP.B-, ;    .    ,,, 

V.  The  fondition*  which  affect    Single   MuHcular    fontmctionH 

{continued).    By  A.  P.  R .j^ 

VI.  The    Conditions    which   affect    Single    Muwular   t  outractionH 

{vontinued).     By  A.  P.  B.,      -         -         -  .         .         .         3.^ 

VII.  Two  Successive  .Stimuli.     (Jenesis  of  Tetanus.     Tetan.         Bv 

^PB- -       '.        40 

VIII.  The  Properties  of  Nerve,  Slininial  and  Maximal  Stimuli      Bv 

M.  S.  Fenibrey, .'.44 

IX.  The  Relation  lietween  Muscle  and  Nerve.     By  M.  S.  P.,  -         .         48 
X.  The  Effect  of  a  Constant  Current  upon  Muscle  and  Nerve      Bv 

^•«P ■        ■-         50 

XI.  The  Electromotive    Properties    of    Muscle    and    Nerve      Bv 

M.  S.  P.,        .        .        .        .  •  . . 

XII.  The  Anatomy  of  the  Frog's  Heart  and  its  ( Jontraction      Bv 

Leonard  Hill, '-53 

XIII.  Methods  of  Recording  the  Heart.     By  L.  H.,   -        -        .        .        jg 

XIV.  The  Stannius  Heart.     By  L.  H., 03 

XV.  The  Cardiac  Nerves  and  Gangliji.     By  L.  H,    -  .        .        gj 


viii 


CONTENTS 


CHAP. 

XVI, 


XVII 

XVIII, 

XIX. 

XX. 

XXI. 

XXII. 

XXIII. 

XXIV. 

XXV. 
XXVI. 

XXVII. 

XXVIII. 

XXIX. 

XXX. 

XXXI. 

XXXIl. 

XXXIII. 

XXXIV. 

XXXV. 

XXXVI. 

XXXVII. 

XXXVIII. 

XXXIX. 

XL. 

XLI. 

XLII. 

XLIII. 

XLIV. 

XLV. 


The    Sino-aiiricular  Junction.     Tl.e    Action    of    Drugs. 
hy  Leonard  Hill, 

The  Effect  of  Nicotine,  Chloroform,  and  Ether  upon  the 
Heart.     By  L.  H.,       - 

Dissection  of  the  Heart.    The  Cardiac  Impulse.     By  L.  H., 
The  Pulse.     Human  Blotxl  Pressure,     hy  L.  H.,      - 

BhKxl.     The  Haemoglobinonieter  and    the    Haeniacyto- 
lueter.     By  L.  H., 

Inspection  and  Auscultation  of  the  Thorax.     By  L.  H., 

Body  Heat  and  Secretion  of  Sweat.     By  L  H., 

The  Functions  of  the  Central  Nervous  System.     By  M.  S. 
Penibrey,     ---..... 

The    Action    of    StOchnine  and   <.f  Chloroform.      Bv 
M.  S.  P., _ 

The  Dissection  of  the  Eye.     By  J.  S.  Edkins, 

The  Refracting  Media  of  the  Eye.     By  J.  S.  E., 

The  Retina.     By  .7.  S.  E.,         .....         . 

The  Optical  Defects  of  the  Eye.     By  .L  S.  E., . 

The  Instruments  used  in  the  Clinical  Investigation  of  the 
Eye.     By  J.  S.  E., 

Circulation  of  the  Blood.     By  I.«onard  Hill,    - 
Circulation  {continued).     Velocity  of  Flow.     By  L.  H.      . 
Circulation  (continued).    The  Influence  of  Gravity.     By 
L.  H.,  -----.... 

Vaso-motor  System.     Circulation  Time.     By  L.  H., 

Blood  Pressure.     By  L.  H., 

Blood  Pressure  (continued).    By  L.  H.,    - 

Respiration.    By  L.  H., 

Respiration  (continued).    Nervous  Control  of  Respiration 
By  L.  H., 

Intra-thoracic  pressure.     By  L.  H.,          .>        .        .        . 
The  Chemistry  of  Respiration.     By  L.  H.,       -        .        . 
Respiration  Apparatus.     By  L.  H., 
Gases  of  the  Blood.     Bv  L.  H           -        - 
The  Movements  of  the  Alimentary  Cf.nal.     By  L.  H.,      - 
Salivary  Secretion.     By  L.  H.,         .... 
Gastric  and  Pancreatic  Secretion.     By  L.  H.,  - 
Absorption.    By  L.  H., 


73 

76 

80 

86 
89 
92 

94 

96 

97 

98 

106 

112 

115 
119 
123 

124 
125 
126 
128 
136 

139 
141 
142 
145 
148 
151 
153 
156 
168 


<  '<  >N'TENTS 


IX 


PART  I  J. 

PHVSIOLOIJICAL  CHEMISTRY, 
ELKMENTARY  COURSE. 


I 

11 

III, 

IV, 

V. 

VI. 

VII. 

VIII. 

IX. 

X. 

XI. 

XII. 

XIII. 

XIV. 

XV. 

XVI. 

XVII. 

XVIII. 

XIX. 


By.T.J.  K.  M., 


Intnxliiction,  -         -         .        .         . 

Carbohydrates.     By  J.  J.  R.  Macleo.1,    -        . 

Carbohydrates  (rontiniiet/).     "•■  J.  J.  R.  },{ 

Proteids.     By  J.  J.  R.  M.,      - 

Proteids  (continued).     By  J.  J.  R.  M., 

Fats,  Fatty  Acids,  Lecithin,  and  Cholesterin. 

Milk.     By  J.  J.  R.  M.,  - 

Blood.     By  J.  J.  R.  M.,  ...... 

The   Spectroscopic   Examination   ,.f    Haemoglobin    and    its 

Derivatives.     By  J.  S.  E.lkin.s, 
Muscle.     By  J.  J.  R.  Maileotl,       -...]' 
Food  an. I  the  Principles  of  Dietetics. 
Digestion.     Ft  rments.     By  J.  J.  R.  M., 
Digestion  in  the  Stomach.     By  J.  J.  R.  M.,  - 
Digestion  in  the  Intestine.     By  J.  J.  R.  M. 
The  Bile.     Bacterial  Digestion.     By  J.  J.  R.  M.,  - 
Chemistry  of  Urine.     By  J.  J.  R.  M.,    - 
Urea  :  Chemical  Relationships.     By  J.  J.  R.  M.,  - 
Uric  Acid  and  the  other  Purin  Bodies.     By  J.  J.  R.  M., 
The    Inorganic    Salts    of  Urine.       Urinary    Deposits. 
J.  J.  R.  M.,     -...,_ 

Pathological  Urine.     By  J.  J.  R.  M.,     - 


By  J  J.  R.  M. 


By 


159 
161 
16(5 
1()9 
1-5 
180 
185 
189 

19fi 
204 
208 
214 
219 
225 
232 
239 
246 
254 

262 
266 


PART    III. 


MU.SCLE    AND    NERVE.      CIRCULATION.      RESPIRATION 

ANIMAL  HEAT.    CENTRAL  NERVOUS  SYSTEM  AND 

SPECIAL  SENSES.     (ADVANCED  COURSE.) 

I.  Extensibility  and  Elasticity  of  Muscle  when  at  Rest  and 
Contracted.  Comparison  with  Rubber.  Bv  A.  P. 
Beddard, .     -  •       • 


281 


(X)NTENTS 


II.  Load  a...l  After-loarl      Work  done  with  IncreaHing  Loa,ls. 
Hy  A.  P.  Beddard,  --.... 

III.  Coini«ri8oii    of    Isotonic    and    Isometric    Contraction.     By 

IV.  Coniiwrison  of  the  Shortening  in  a  Single  Contraction  and  in 

Tetanus.     By  A.  P.  B.,   - 

V.  Sumnjation  of  Stimuli.    By  A.  P.  B.,    - 

VI.  Effect  of  Distille.!  Water  and  of  Varioug  Salts  on  Muscle 
By  A.  P.  B.,    -        -        .        .        .  J*iuscie. 

VII.  Fatigue  of  a  Voluntary  Movement  and  of  a  Muscle-Nerve 
Preparation  with  its  Circulation  intact.     By  A.  P.  B., 
VIII.  The    Rate    of    Transmission   of  a   Nervous   Impulse        Bv 
M.  S.  Pembrey, f       ■       r>y 

IX.  The  Polarisation  of  Electrodes  and  Unpolarisable  Electrode* 
By  M.  S.  P.,    -         . 

X.  Transmission  of  a  Nervous  Impulse  in  both  Directions      Bv 
M.  S.  P., ■       •' 

XI.  The  Relation  between  Muscle  and  Nerve.    The  Independent 
Excitability  of  Muscle.     By  M.  S.  P.,     - 
XII.  The  Effect  of  Temperature  upon  the  Excitability  of  Nerve 
The  Moist  Chamber.     By  M.  S.  P., 
XTII.  The   Influence   of  Carbon  Dioxide,  Ether,  and  Chloroform 

upon  Nerve.     By  M.  S.  P.,     - 
XIV.  The  Effect  of  a  Constant  Electrical  Current  upon  the  Excita- 
bility and  Conductivity  of  Nerve.     By  M.  S  P 

XV.  Law   of   Excitation.      PflUger'a    Law    of    Contraction      Bv 
M.  S.  P., -^ 

XVI.  The   Effect  of  a  Constant  Electrical  Current  upon  Muscle. 

X  VIL  The  Absence  of  Fatigue  in  a  Stimulated  Nerve.     Bv  M.  S.  P. 

XVlil.  The  Electromotive   Properties  of   Muscle  and   Nerve      Bv 
M.  S.  P.,         -        .        ,        .        _  ■       ■' 

XIX.  The  Electromotive  Properties  of  Muscle  and  Nerve  (co»tmued) 
The  Galvanometer  and  the  Capillary  Electrometer.  Bv 
M.  S.  P., ^ 

XX.  The  Heart.     By  Leonard  Hill,       -        -        .        .        . 

XXI.  The  Heart  {continued).     Bv  L.  H 

XXII.  The  Heart  {continued).    The  Action  of  Drugs.     By  L.  H., 

XXIII.  The  Cardiac  Plethysmograph.    The  Effect  of  Temperature 

on  the  Heart.    Cardio-pneuniatic  movements.     By  L.  H., 

XXIV.  The  TortoJM..  Heart.     Bv  L.  H.      - 


I'Alll 

285 

290 

294 
296 

301 

.304 

310 

312 

313 

315 

316 

317 

318 

324 

328 
3:i0 

330 

332 
335 

338 

340 


342 
MA 


roXTENTS 


IHAH. 


XXV. 

XXVI. 

XXVII. 

XXVIII. 

XXI. V. 


XXX 

XXXI 

XXXII. 

XXXIII. 

XXXIV. 

XXXV. 

XXXVI. 

XXXVII. 

XXXVIII. 

XXXIX. 

XL, 

XLI. 

XLII. 

XLIII. 

XLIV. 

XLV. 

XLVI. 

XLVII. 

XLVIII. 

XLI.X. 


iJFSsectio,.  of  the  Canliac  Nerve..     Bv  Leon«„l  Hill 
ThePuLse.     ByL.  H.      .... 
Blowl  FresNiire.     Bv  L.  H.,      -         .         . 
.  Vano-iiiotor  Svsteni.     By  L.  H. 

Keaciioi,  Time.     By  M.  !S.  IVmhrev,         -         . 

Miiliers  Uwof  the  S,.eoific  Ene.gyo'f  Nerves.    By  M  «  P " 

I  entral  Nervous  System.     Bv  M.  S  1' 
The   Functions  of  the  Anterior' an.l    h.2ri.,r  Hoots  of 

the  .>p,„al  Cord.    The  Bell-Majen.lie  Uw.    Bv  M  S  P 
The  Eye  a.  »u  « ),,tieal  Instrument.     Bv  J.  S.  E.lkins 
The  Optical  I)efect.s  of  the  Eye.     By  J.  «.  E., 
Sensations  of  Ligl,t  an.l  Colour.     By  J.  js.  E.,'  -        - 
Binocular  Vision.     By  J.  S.  E., 
IWtion  .^I-e  Eur  in  the  Sllte.     Auuito,.  Sen.uions! 

•Intmcanliac  Pressure.  Bloo.1  Plow.  By  Leonar.l' Hi||' 
The  Work  of  the  Heart.  The  Pericanliun..  Bv  L.  H  ' 
Plethysniofiniphs.     By  L.  H.,  -         -         .  '  ' 

The  Chemistry  of  Respiration.     Bv  L.  H         - 
\TT  "^/''""'^"'''  '"   At«'"-l'l'e'ic''jWsure"     By 
Respiration  in  the  Ti.s.sue.s.     By  L.  H.,     - 
Determination  of  the  Ga.ses  of 'the  BIo'o,!      By  L   II 
Residual  Air.     Carlxjn  Mono.xi.le  Poisoning.'  Tension  of 
0.xygen  in  Blood.     By  L.  H.,       .         .         . 

Oxygen  Cai«city  an.l  Ma.ss  of  the  Blood.     By  L.  U., 

Production  and  Loss  of  Heat.     Bv  L.  H 

Sweat.     By  L.  H.,   - 


PAOI 

348 
351 
3.'>3 
354 

35« 
357 

358 

35!) 

3(J2 
3(i4 
3<i» 
370 

380 

385 
388 
3!»1 
394 
3!)7 

40() 
402 

403 

40(i 
408 
>I0 
413 


PART  IV. 

PHYSIOLOGICAL  CHKMI8TKY. 
ADVANCED  COURSE. 

I.  Carbohydrates.     By  J.  J.  ]{.  Macleod,      - 
II.  Glycogen.     By  J.  J.  B.  m.,      - 


417 
424 


xu 


CONTENTS 


CHAP. 
III. 

IV. 

V, 

VI. 

VII. 

VIII. 

IX. 

X. 

XL 

XII. 

XIII. 

XIV. 

XV. 
XVI. 


Proteids.     By  J.  J.  K.  xMacleod, 

Fats  and  Allied  B<Kiie8.     By  J.  J.  R.  M.,  -        -         .         . 

Milk.    By  J.  J.  R.  M., 

Muscle.     By  J.  J.  R.  M., 

Digestion.     By  J.  J.  R.  M.,       ----... 

Pancreatic  Digestion.     By  J.  J.  R.  M.,      .         -        .         .        . 

Bile.     By  J.  J.  R.  M.,       - 

Urine.     By  J.  J.  R.  M.,    - 

Urine  {contimied).     By  J.  J.  R.  M.,  - 

Urine  {continued).     By  J.  J.  \l.  M.,  - 

Urine  (contimied).     By  J.  J.  R.  M.,  - 

The  Methods  for  the  Estimation  of  General  Metabolism      Bv 
J.  J.  R.  M., ■       ■^ 

Fibrinogen.     Fibrin  Ferment.     By  J.  J.  R.  M., 
The  Photograi)hic  Spoctra  of  Haemoglobin  and  its  Derivatives. 
The  Spectrophotometer.     By  J.  S.  Edkins, 


:aob 
426 

432 

436 

439 

444 

450 

452 

455 

459 

463 

468 

470 
476 

476 


i 


APPENDIX. 

Analytical  Tables.     By  J.  J.  R.  Macleml,   ------       479 

Some  Forms  of  Apparatus  used  in  Chemical  Physiology.     By  J.J.  R.  M.,       483 
Percentage  Average  Composition  of  some   of  the   more   Important 
Food  Stuffs.     Bv  J.  J.  R.  M.,       -         -        -         . 


Index,  Parts  I.  and  III.,  Experimental  Physiology, 
Index,  Parts  II.  and  IV.,  Physiological  Chemistry, 


489 
493 


11 


.  JaT  J'it::r  •'■°"''' " "»"  "■""■ ""  •»  "«"••  "■'■»  '•• » "•^y 


WEKIHTS    AND    MKASURES. 


Lenoth. 


Metric  or  Ituiiiiml. 

1  Metre  (M.) 

1  Decimetre  (dm. ) 

1  Centimetre  (cm.) 

1  Millimetre  (mm.) 

I  Micromillimetre  (mkm) 


Kuk\M,. 
=  :<03701     in.hes. 
=-   3-9370        ., 
=  0-3937 
=   0-(W03 
=   0-(IOO»l3!t 


---,...-...,  -         .         =   u-(ioo»l3<l    ,, 

1  Myriametre(Mm.)  .         .         .  _     «..„„.      ., 

1  Kilometre  (Km.)     ...  '     <> -'13/  m.ke. 

I  Hectometre  (Hill.) 
I  Dekametie  (Dm.)    - 
1  Metre  (M. )      - 


0-0214 
=  109-3t)I  yards. 
^   :i2-Him  feet. 
=  39-3701  inches. 


Metric  or  Decimal. 

1  Kilogramme  (Kgm.) 
1  Onunme  (Gm. ) 
1  Decigramme  (dgm.) 
1  Centigramme  (cjjm., 
1  Milligramme  (mgiii.) 


Weight. 


EiiKli!*!!. 
^  *2".>(W(i  pou,:d9. 
=  15-43-j;j  grains. 
=    1 -.543-2      „ 
=  0-I.-,4;}      ,. 
=   0-<l|-,4 


Ihe  unit  IS  the  Gramme  which  represents  the  weight  nf 
water  at  4°  C  weight  of  a  cubic  centimetre  of 


APOTHECARIE.S  WeiGHT. 

•137 -5  grains  (gr.)      =  I  ounce. 
16  ounces  (3)        =1  pound  (lb.). 


W  grains 
'iO  grains 

1  grain 


=  1  dr«chm  (5). 
=  1  scruple  O). 

=  0-tX!48grajr.-  n. 


Avoirdupois  Weight. 
16  drachms  =  1  ounce  (oz.). 
16  oz.  ^1  pound  (lb.). 

28  lbs.  _=  1  quarter  (qr. ). 

4  quarter8  =  l  hundredweight (cwt  ) 
20  cwt.         =  1  ton. 

1  pound      =  403  -o92  grammes. 
1  ounce      =  28-35    grammes. 


XIV 


WEKJHTS  AND  MEASriiES 


Capacity. 


Metrlror  Ik'tiiiinL 
I  Dekalitre  (1)1.) 
lUtrelL) 
1  Decilitre  (<ll. )  - 
I  Cubic  centimetre  (c.c. )  i 
or  . 

I  .Millilitre(inl.)  } 


60iniiiimg(ni)      - 
S  fluid  ilranhni!>   - 

21)  luid  ounces 
S  pints 

I  cubic  centimetn 
I  fluid  ounce 
1  pint  - 
1  giiUon 


EiiKllHh. 
=  2'IOfl8  Imperial  gallons. 
=  35'196  Imperial  fluid  ounces. 
=   3-5196 


- 1  fluid  drachm  (5). 

I  fluid  ounce  (3). 
:  1  pint  (O). 

1  gallon  (C). 


-    16'!)  minims. 
=   28 '42  cubic  centimetre.'^. 
=  J68-.S4  cubic  centimetres. 
=     4%')4  litres. 


THERMOMKTKRS. 
Fahrenheit  and  Cbntiorade  Scaliw. 

To  convert  degrees  F.  into  degrees  C,  deduct  .S2,  multiply  by  .■>,  and  divide 
by  9. 
To  convert  degrees  C.  into  dc-rrees  F. ,  multiply  by  9,  divide  by  5,  and  add  32. 


F. 

212 

112 

106 

104 

102 

101 

100 

99 

98 

97 


C. 

io*i°n 

44-4 
41  1 
40-0 
38-9 
38-3 
37-8 
37-2 
36-7 
361 


F. 

C. 

80° 

28-7 

70 

211 

60 

15-6 

00 

100 

41 

5  0 

n 

0-0 

23 

-   5-0 

14 

-100 

5 

-  i-.-o 

AVERAGE  WEIGHTS  AND  HEIGHTS. 
Average  weight  of  a  healthy  male  child  at  birth   -         -         -     =   6-8  lbs. 
»»  >.  t,  six  months' old  -     =12'4    ,, 

>•  ..  ..  twelve      „  -     =18-8    „ 

An  adult  man  (dressed)  5  feet  S  inches  in  height,  should  weigh  11  at.  1  lb.  and 
should  have  a  chest  circumference  of  38^  inches. 


PART  I. 

MUSCLE  AND  NERVE.    CIRCULATION.    RESPIRATION 

ANIMAL  HEAT.     CENTRAL  NERVOUS  SYSTi^M 

AND  SFECIAL  SENSES. 

THE  PHYSIOLOGY  OF  MUSCLE  AND  NERVE, 
in  iK  infancy  Zd  Z  til'  ™       7      '"  °'^"''""-  "  "  J"'  ""b' 

ll.e  muscular,  nervous,  and  vascular  system's  of  t}.«  ft.« 

con.pondi„grcCi^s"it:o"i''iefr./r'°'''r"'''" 


CHAPTER  I. 


ELECTRICAL  APPARATUS  FOR  PHYSIOLCKJICAL  EXPERIMENTS. 

In  experimental  physiology  the  stimulus  most  frequently  used  is  an 
electrical  one,  for  it  is  convenient,  easily  graduated,  and  less  injurious 
to  tissues  than  efficient  thermal,  chemical,  or  mechanical  stimuli 
would  be. 

The  Daniell  Cell,  which  has  an  electromotive  force  (e.m.f.)  of  11 
volts,  is  the  best  source  of  electric-ty,  for  it  yields  an  almost  constant 
strength  of  current.    It  consists  (Fig.  1)  of  (i)  a  plate  of  copper  dipping 

into  a  solution  of  copper  sulphate 
which  is  kept  saturated  by  crystals 
of  the  salt,  and  (ii)  a  rod  of  amal- 
gamated zinc  placed  in  a  porous  pot 
filled  with  a  10  per  cent,  solution  of 
sulphuric  acid;  the  porous  pot  is 
surrounded  by  the  solution  of  copper 
sulphate.  The  whole  is  generally 
placed  for  convenience  in  a  glazed 
earthenware  pot  with  a  handle. 

When  the  copper  and  zinc 
elements  are  connected  by  a  wire 
the  zinc  dissolves  in  the  sulphuric 
acid,  forming  ZnSO^  +  H^.  The  H 
ions  thus  liberated  become  charged 
with  the  electricity  originally  stored 
in  the  zinc;  they  migrate  through  the  porous  cell  into  the  copper 
sulphate  and  split  it  up  into  H^SO^  +  Cu,  and  their  charge  of  electricity 
is  transferred  to  the  Cu  ions.  These  in  turn  deliver  up  their  charge 
of  electricity  to  the  copper  plate  and,  as  they  discharge,  become 
deposited  on  the  plate  as  metallic  copper. 

Thus  inside   the  tell  electricity  passes  from  the  zinc,  or  positive 


]faturyxte<l  Oi,  So^ 

^"  Earttientttwe  /^rt 

Flo.  1.— Diagram  of  a  Danitll  cell  seen  in 
sectlun, 
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element,  to  the  copper  or  negative  element;    outside   the  cell   th. 
current    ,««.,  f„,n.  the  copper  bi„di„K-screw.  the  "Ltt  tie  o 
Thl    '""  '""^'^''  ^"  '''  ""''  l-iinK-.rew.  the  Native  S  or 

If  plates  of  coppt-r  and  zinc  were  simply  immerse.!  in  10  ,H,r  cent 
«ulph„nc  acd.  the  chemical  action  net  up  would  scK,n  cause  the    op"; 

resisunce  to  the  flow  of  current  inside  the  cell,  and  further  hvdro..en 
bemg  electro-positive  to  zinc,  a  polarisation  current  irtL  o  ,3 ' 
d.rect,„n  to  the  original  battery  current  would  be  .et  up  in  t'h  d 
and  rapidly  reduce  its  k.m.f.  Daniell  Uv  nUn,n„  ♦i. 
«ol«tion  of  copper  sulphate,'  .l7lX'a^;'„  plitTr  ore^  t  J 
polarisation  from  Uking  place  within  the'batS;.'  TherrjeT^^^^^^ 
lur  tS  ":>.    "   "^P'""''  •'"'^  ^••«-"»  -d  the  cop^r  su  phate"s 

vided  too  that  the  porous   pot,  which  is  to  prevent  the  deoositio . 
of  copper  on  the  zinc  nxl.  remains  permeahl.  to  the  H  ions       ^ 
tail  iron"'  "f  ,r  '"  be  amalgamated  because  commercial  zinc  con- 

of  the  zinc  rod  ren.ain  conlnl  '  '''  e'-tromotive  properties 

containing  vriou.  ion.  in  ao  In    X^areTi ''c^H  "'".l"  ^'^''*"">»« 
Cu  and  H,  being  positive  ion.  will  work^l.  "        '  ^"  """^  '^<^*'  "^  ^'''ich 

the  copper  pla^and  th  imZrsoZrLlT''' ^ 
When  in  use  chemical  ch.tn.cs  tale  DlacJ  JZ^  t^-Tu  '"'"'  *°*'""'>'  »''«  "»«• 
is  attacked  by  the  SO,  ion 'L^Xtg  Z^  So'^^f  '"^'"-  '^''^  "" 
which  i.  conducted  across  the  electtlyle  b^  he  i„n^C"?r*^  •"  "'"'^«''' 
copper  plate  the  copper  sulphate  is  being  spTt  up  iZsO  T.  d  r""  ^""""  ^'"' 
process  energy  i.  stored  up.     But  the  energy  liberated  at  the  \T'''  **'''"' 

than  that  stored  in  the  neighbourhood  ofthT  ,  "'^  P'"**  '"  K"^"**' 

when   working,    i,  always  ifbeVaHn         ,    ,  ^^^^  P'"**'  *''"«^°'-«  th*  cell, 

electric  current      The  SOiI„r       !  "  .     ""''  "'  ""''^^^  ^'■•«''  »PP«»«  as  an 

solution  .nd  ^:Tz:sr^^::^vr''''"^'-'^^ 

constantly  streaZg.     TUt^.th.r  T  '""'^"^^'^  "'»•»  «'«<='"«ity  are 

and  become  precipUated  on  Vhe  l^e  7"  "f  "°*  *'^  "  *°"'  ^""''''  ''-^arge 
requires  a  less  energy  and  atJ^^:;;  ;""  f'P•^"P-  »"«  fact  that  It 
H«  long  as  there  are  sufficient  T.,  L!"  '''■^'"^**'  ^"  ''""'  »  ions.     Therefore 


tj 

j  i 
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*  PRACTICAL   PHYSIOUMJY 

Keys  are  in.truments  for  making  or  breaking  electrical  circuit,  and 
lor  snort-circuiting  currents. 

The  M«rcnry  Key  consists  of  a  small  cup  hollowed  out  of  a  piece  of 
vulcanite  (Fig.  2).  r^om  the  cup,  which  is  nearly  filled  with  clean 
mercury,  pass  in  opposite  directions  two  stout  copper  wires  with 


Fio.  2.-Th.  m.rcury  key.  r,„,  ,  _Th.  .pring  k.y. 

binding-screws ;  o.u  wire  and  binding-screw  •  fixed  to  the  vulcanite 
base,  the  other  wire  can  be  raised  o.-t  of  or  lowered  into  the  mercury 
by  an  insulated  handle.  In  some  forms  of  mercury  key  the  wires 
connecting  the  binding-screws  to  the  mercury  cup  n,n  through  the 
vulcanite;  the  ends  of  these  wires  are  liable  to  become  oxidised  and 

dirty,  and  in  consequence  they  make 

ibad   contact   with   the   mercury.      In 
order  to  avoid  this  it  is  only  necessary 
^ to  fix  the  insulated   wires   from   the 

battery  to  the  binding-screws  and  to 
turn  the  naked  ends  of  these  wires 
over  into  the  mercury. 

The  Spring  Key  is  made  of  a  block 
of  lacquered  wood,  to  one  end  of  which 
is  attached  a  broad  brass  spring  with 
a  binding-screw,  and  to  the  other  end 
a  plate  of  brass  with  a  binding-screw 
(Fig.  .3).     When  the  spring  is  depressed 
by  the  finger  its  free  end  touches  the 
brass  plate  and  connects  together  the 
two  binding-screws.     The  brass  plate 
carries  a  clip   which  can   clamp  the 
spring  in  contact  with  the  plate. 
The  Du  Bois  Key  consists  of  two  metal  blocks  each  carrying  two 
binding-screws   and    attached    to    a    vulcanite   base  (Fig    4)  "   The 


Fio.  4.— Ti.o  Du  Boi»  key. 
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r....  :..-,.,.„  .,»«,„.„„„  ,„.  l.o.,k„y,„..,„p,„  ,.„,,.„ 


d  hrmik  key. 


ri«.  .1.-Arm„^  „  „  «hort^lrc.,ltl,.g  key  :  koy  .hut. 


F.".  :.-ArranK«l  a.  a  .hort.irc.lting  key  :  key  open 


proper  use  is  as  a  sh.,rt<,rcuitir.g  key  (F.ks    6  ani  -^  ,      . 

a  Du  Bois  key  is  directed  to  be  used    ill  V       '^'  ^"''  *^"" 
circuit  as  a  short^ircuiting  and  nott  ^  1X1^'^'  '"^  ^^« 


Fio.  s.-The  Pohr«  reverter. 


by  «.«.  copper  „i^  „Hi.t  '»' -.  l^^h  LToZ "  ^e'lr "'"' 


Hi 


\l^ 
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cup«,  A,  B,  are  connect**!  by  ■tout  co|.i»er  wiret  to  a  nonconducting 
CfMi-piece,  made  of  glaw  or  vulcanite,  which  acts  m  a  handle.  Each 
end  of  the  handle  also  carrie.  a  copper  wire  bent  into  a  •emicircle, 
which  i«  connccte.1  to  the  wire  going  into  the  «ide  cup,  an.l  i.  made  of 
•uch  a  length  that  it  will  dip  into  the  cup  ut  either  end  by  turning  the 
handle  ovei  towards  that  end.  If  the  han.lle  is  in  .uch  a  position  that 
a  current,  entering  the  reverser  by  one  of  the  side  cups,  emerges  by  an 


Fill.  '■.-I'lsn  of  tbe  ■rrangemcnt  of  the  two  alteni»ti»e  circuit*. 


end  cup  of  the  same  side,  then,  by  turning  the  handle  over,  the  cross- 
wires  come  into  use,  and  the  current  will  now  emerge  by  the  end  cup 
of  the  opposite  side.  In  this  way  the  current  through  a  circuit  can  be 
reversed  in  direction. 

The  instrument  may  also  be  used  to  send  a  current  into  either  of 
two  circuits  in  the  following  way.  The  cross-wires  are  removed,  the 
wires  from  the  battery  are  connected  to  the  two  side  binding-screws 
and  to  each  pair  of  end  cups  the  wires  of  the  two  alternative  circuits 
(tig.  9).  Then  by  turning  the  handle  over  the  current  may  be  sent 
into  either  of  these  two  circuits. 

The  term  Electrodes  is  applied  to  the  free  ends  of  the  two  wires 
which  conduct  the  current  to  the  tissue  to  be  stimulated.     They  consist 


Fiod.  10  Ast>  11.— Two  forms  of  electrodes. 


Of  two  insulated  wires,  the  ends  of  which  are  clean  and  free  from 
insulating  material,  carried  in  «ome  form  of  holder;  this  is  generally 
made  by  running  the  wires  through  a  piece  of  vulcanite,  cork,  or  model- 


ELEMENTARV  EXl-EBlMENTAl  PHV-IOUKIY  , 

The  RhLshJ^?-     V      .  **^^  *•"  *°  »•»«  head  of.  newJIc 

gn     mawie  or  nerve.     In  it.  .,n,ple,t  form  it  con.i.t.  of 


Fl...  li-  Himple  form  o»  tnonochorJ. 


a  single  straight  or  zig-zagged  wire  with  a  binding  screw  nt  ..>h 

«d  a  movable  contact  ..tween  them  (Fig.  .!')' TTl.lilJltHt 


A* 


y;.  13.  -To  lll.,„™te  tho  principle  „f  the  mo„„..hord 


tWelore  Che  amount  o,  hatte^  ^.^J^^?  ,':^l^r5,;;'uV'.r  «?v1  '^J^^t  ••£ 

movable   contact  S  two  electrodes    n,8s    to    , 

from  the  battTv  has  two  ciZT  ■       °^"'*'    ^^'^    ''""ent 
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amount  of  current  which  will  pass  through  the  nerve  will  be  directly 
proportional  to  the  difference  in  potential  between  A  and  S,  i.e.  if  the 
fall  in  potential  in  the  monochord  is  uniform,  proportional  to  the 
distance  between  A  and  S,  being  greater  as  S  is  moved  away  from  A  • 
It  18  also  inversely  proportional  to  the  resistance  of  the  circuit  through 
the  nerve.  But  the  resistance  of  this  circuit  may  be  considered  con- 
stant for  all  positions  of  S,  since  the  resistance  in  the  nerve  itself  is 
enormously  greater  than  that  caused  by  any  change  in  the  length  of 
the  monochord  wire  in  the  circuit. 

Although  the  Daniell  cell  is  the  most  conveaient  source  of  current 
and  Its  strength  can  be  regulated  by  a  rheochord,  and  although  the 


Fio.  i:,.— The  induction-coil. 

make  and  break  of  a  constant  current  do  act  as  a  stimulus  to  muscle 
and  nerve,  it  is  often  met  3  convenient  to  use  induced  currents      These 
are  obtained  by  connecting  a  Daniell  cell  to  an  induction  coil,  and  their 
advantages  are  :   (1)  That  being  of  extremely  brief  duration  as  com- 
pared with  the  make  of  a  constant  current,  they  set  up  practically  no 
polarisation  in  the  tissues  (see  page  .312).     (2)  Having  a  comparatively 
large  e.m.f.  and  rapid  development,  as  compared  with  the  galvanic 
current,  they  constitute  a  much  more  effective  stimulus.     For  the  law 
of  excitation  states  that  the  effectiveness  of  a  current  as  a  stimulus 
depends  not  only  upon  the  total  variation  in  its  intensity,  but  also 
upon  the  amount  of  such  variation  in  the  unit  of  time,  i.e.  the  greater 
the  rapidity  of  the  total  variation,  the  more  effective  is  the  current 
as  a  stimulus. 

The  Induction-coU  (Fig.  15)  consists  of  two  coils,  of  which  the 
primary  is  made  up  of  a  few  turns  of  insulated  thick  copper  wire  with 
only  a  small  resi.  -e.  This  is  wound  round  a  core  of  iron  wire 
to  increase  the  number  of  lines  of  magnetic  induction  which  pass 
through  It.  The  ends  of  the  wire  forming  the  primary  coil  are  con- 
nected with  the  top  binding-screws  I  and  2  (Fig.  16) 

The  secondary  coil  is  made  up  of  a  large  number  of  turns  of  insulated 
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circu  t;  for  each  turn  in  .i.        •  ^         '*•  '"  *''^  secondary 

turn  of'the  se"  nda    "c    ,    o  th'atTh7  ""'  r"?,"?  ^"  ^''^^^  '"  ^^«^' 
one  of  greatly  increased t'ten^t;         ""         '  ''"^  ^''^^^^^  '^  ^  ^'"^'« 

primary  c"rcuU  so  thaT  f  ni"  "       ''"  °'  ''^  "^'""^^  "^  •=»"-*  ■"  ^l- 
be  runLnrCh  th  """'''"*."'  '  "''"''''  "'"  ^^^^^''"^  strength 

strength  ofteufrentn'r?"'  ""•  '"'"^^•""  ""^^^''^  '  ^"^  '^  ^^^ 
be  an' ncrease  or  Zease  the  '7^';.'""  '  ''"  '^'^"«^'  ^^^^^''^  '' 

the  induction      (2  TvarL,  f      J      '  'u""°'  '^'  ^^™"g«'-  ^i"  »>« 
(-)  It  vanes  directly  as  the  rate  of  change  in  the 


K.o.  l,i.-Di.^an.  of  .„  induction-c-oil  a„d  it,  cnnectlon,. 

Strength  of  the  inducing  current  so  thnt  if  .1 
increased  or  decreased  cLtvTn  .  .k  I  '  '''"''""'  •=""«"*  be 
induction  takes  pk  e -In  h.  1h  f  '.^f  '"'""^"^'^  S'"^'^"*"^.  "« 
constant  current  the  "'ore  r^p  d  hT  ch"  '  Z  ""  ^"^"  '^''''"^^  '»  ^''^ 
(3)  It  varies  with  the  angXweeVtr"^^^  H-ater  the  induction, 
in  such  a  way  that  when  he  lo  co'I  ^"""'^'  '"^  '''=*^"'^^'">'  '^""^ 
there  is  no  induced  current     but  th^'  ''''"Tu'^^y  -'  "«ht  angles 

.^  the  angle  between  thJlst  a  ri"^^  It  '''''''''^  ''''''^'- 
when  the  wires  are  parallel  to  eachir  tZZZ:;:^t 

'The  resistance   of   a  niecp  nf  o  *,     > 
I00,m>  ol.n,«.  P   ""  °^  "  ^'^"8"  «<='»*"=  nerve   1  en.   I„„g  ;,  „,^„t 
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movable  horizontally  on  a  central  point,  the  strength  of  the  induced 
current  can  be  graduated  by  altering  the  angle  between  the  two  coils 
(4)  It  varies  inversely  as  the  distance  between  the  two  coils,  being 
greatest  when  the  secondary  is  completely  over  the  primary  coil,  and 
becomes  less  and  less  as  the  coils  are  separated.     The  strength  of  the 
induced  current  is   usually  regulated  by  va-ying  the  linear  distance 
between  the  coils,  an,I  most  induction-coils  are  graduated  by  a  milli- 
metre scale  fastened  to  the  side  of  the  carrier,  so  that  the  pointer  in 
the  secondary  coil  is  at  the  zero  of  the  scale  when  the  one  coil  is  exactly 
covered  by  the  other.     This  graduation,  however,  is  purely  arbitrary 
or  the  absolute  decrease  in  the  strength  of  the  induced  current  becomes 
less  and  less  for  every  centimetre  that  the  coils  are  separated.     An 
exact  graduation  can  be  obtained  by  a  scale  corresponding  to  equal 
galvanometric  deflections. 

The  direction  of  the  induced  current  in  the  secondary  coil  is,  at  make 
of  the  battery-circuit,  in  the  opposite  direction,  and  at  break  of  the 
battery-circuit,  in  the  same  direction  as  the  battery-circuit  in  the 
primary  coil.  Most  coils  are  so  wound  that  when  at  make  the  battery 
current  enters  the  primary  coil  by  one  top  binding-screw,  the  induced 
sideTpi     iT  *^^  ««'=°°'^*'-y  ^=0"  by  the  binding-screw  of  the  opposite 

The  Use  of  Make  and  Break-Induction  Shocks  as  Stimuli  — Twa 
wires  are  connected  with  the  poles  of  a  Daniell  cell ;  the  free  end 
of  one  wire  is  fastened  to  one  binding-screw  of  a  spring-key,  and  to 
the  other  screw  of  the  key  is  fixed  a  third  wire.  The  clean  free  ends 
of  the  wires  are  placed  on  the  tongue,  and  the  key  is  opened  and  closed  ■ 
no  shock  is  produced,  but  only  a  sensation  of  taste;  the  intensity  of  the 
current  is  insufficient  to  produce  a  marked  excitation. 

The  free  ends  of  the  wires  are  now  connected  with  the  screw,  or 
terminals,  I  and  2  of  the  induction-coil  and  a  Du  Bois  key  is  placed 
".  the  secondary  circuit  (Fig.   16).     The  secondary  coil  is  pushed  far 
apart  from  the  primary,  and  the  Du  Bois  key  is  opened ;   make  and 
break  of  the  primary  circuit  produces  no  excitation,  for  the  induction- 
airrents   are   too   weak.      The    secondary  coil    is    gradually    moved 
towanls  the  primary,  and  the  spring-key  is  opened  and  closed  from 
time  to  time,  until  a  point  is  reached  at  which  a  shock  is  felt  at 
break  but  not  at  make  of  the  constant  current.     The  position  of  the 
secondary  coil  on  the  scale  is  noted.     As  the  secondary  coil  is  moved 
up  further,  the  break-shock  becomes  greater,  and  a  slight  shock  is  also 
felt  at  make  ;  ma  similar  way  the  two  shocks  can  be  further  increased 
but  Ut€  break-shock  remains  (/renter  than  the  make-shock. 
It  is  especially  to  be  noted  that  there  is  no  induction-shnck  if  the 
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Closure  ^uClu    T    .     ^  *'"'*  "-^'^'^  ^'"''''«"'  ""•'•'•"/. 

this  key  the  maTa  or  Lakf/  .       "T"^""'  "'""«"'•     ^^  ™-"«  of 
from  the  eJec  "c^c  .       '''^^''-'"'^"•=*'°»  «hock,  or  both,  can  be  shut  off 

Jt  7ctr;'to  z  rr  '^"^  ^^^  ^-°-  -^  ^^^^  -"^-. 

shock  is  produc  d  whe;    "h         "'      '"^''"  *°'  ^''^  P^^-y  coil :  no 
secondary'co1tt?dualh  tu'r/''  "'"''  "  '''"^^^  "'•  ''-'^--     The 

key  is  opLd  and  do  ed     om  te  t^  Z  " t^'.T'  ^"'  ^"^  «"""«- 
at  break,  then  at  make  an.rfh  ,.  ^  '^""'^  ^'"  ''*^  f^^^  ^'^^ 

reached  when  the  fe^  c    .1!  p^^^llTlTtr"- '  ''^  "^^^^  "« 

."::::;"^t3rr^T^^ 

Daniell  cell   ITth    the  Tndl-  ,''•"";" '   ''"''  °"  '=-»-^-S   ^^e 

can  be  easily'  raduated  nt  1^"T  ^"  ^^^^  ^^^^^'^^  «'imuli. 
has  further 'bfe^rolVVaTTri^'T'""'^  ''^  ^  '^^^^  ^^ 
than  the  make.  The  cau  e  f  tl  f'f  mduction-shock  is  stronger 
and  needs  explanation  ^"''''''"'^^  ''^^  '"  ''^^  P'-'^'^^y  coil, 

or  make  extra  c'rr  „t  1  ke  that  .  ?  "  ^'"  " -If-induced  " 
momentary  curremTn  the  onno  >  r  •  "  '^'  ^'^''"'^^^^  ^'^'J'  *«  ^ 
hence  it  ddays  h  rap  S  ty  wUrih-T''r  u  ''^  ^atterycurrent ; 
its  maximal  intensL  in  thln^  .    '^'   ^^^ory-current  reaches 

"4ai  iiuensiiy  in  the  primary  coi  and  weakpna  fh«.  ««•    »     it. 

change  m  current  in  the  primary  coil  will  inlT     I  !     '''""'' 

On  the  other  hand   when  thp  J.?  '"  ^'''^  secondary  coil, 

in  the  primary  coH  sudden  v  run  "7"^ """'"'  '"  ^''''^"'  '""^  •^"^r^"' 
break  extra  current    rnnn    *  '"  '"  "°''""« =  ''"^  although  a 

thebattetlrrri  iZce^  momentarily  in  the  same  directiot  as 
rapidity  oJ  th^S  Irlrl^r^:^^:::^  '  ^^"""  '^^'^^^  *^^ 
no  longer  exi.-  ,„  which  the  extra^reTt  ^  r^n  '  '"""^^  '"'''' 
bin';::grL;rT:n?';ofT  .^".^--^-^^-n-  a  ceH  with 
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A  purely  physical  proof  of  the  break  extra  current  can  be  obtained 
by  connecting  one  pole  of  a  battery  to  the  primary  coil,  and  by  touching 
with  the  other  wire  from  the  battery  the  milled  head  of  the  other 
binding-screw  of  the  primary  coil.  Every  time  that  the  batt.-ry  circuit 
18  broken,  the  break  extra  current  will  pass  across  from  the  screw  to 
the  wire  as  a  minute  spark ;  no  spark,  or  a  very  feeble  one,  is  seen 
on  touching  the  first  terminal,  for  in  this  case  there  is  no  current  in  the 
primary  coil. 

Equalisation  of  Make  and  Break  Induced  Currents. -From  what 
has  been  said  it  is  clear  that,  if  the  breik  extra  current  were  provided 
with  a  circuit  to  rin  in,  the  strength  of  the  current  induced  in  the 
secondary  coil  at  break  would  be  reduced  to  that  of  the  current  induced 
at  make;  and  so  they  would  be  equalised.  In  order  to  effect  this  the 
battery-circuit  is  not  broken,  but  is  nearly  completely  short-circuited 
out  of  the  primary  coil  by  a  Du  Bois  key  (Fig.  17).  Now  a.rain 
test  the  relative  strengths  of  the  make  and  break  induced  curre^nts 


AC. 


Fi,..  17.-Arrangcment  of  apparatU8  for  equalling  the  make  and  break  induced  current.. 


They  may  be  approximately  equal,  but  the  original  difference  is  not 
nifreqnently  overcorrected,  and  now  the  break-shock  is  the  weaker 
This  IS  caused  by  the  make  and  break  extra  currents  running  in 
circuits  of  different  resistance.  At  make  the  extra  current  runs  not 
only  through  the  primary  coil  but  also  through  the  resistance  of  the 
L)aniell  cell;  but  at  break  the  extra  current  has  to  run  only  through 
the  resistance  of  the  primary  coil,  hence  it  is  the  more  cffecti;e  current 
of  the  two,  and  reduces  the  effect  induced  in  the  secondary  coil  at 

circuit""""^  ^^^  "^^^^  '''*™  """'"'  '^°^'  °°  "'"'*"«  ^^^  P""*''y 

raradic  or  Tetanising  Shocks—Induction-coils  are  provided  with 
an  automatic  arrangement  for  rapidly  making  and  breaking  the 
primary  cIrcuI^  by  means  of  Wagner's  hammer.  Connect  up  the 
ba  tery  to  screws  5  and  6  of  the  coil,  interposing  a  spring-key.  and 
follow  out  the  primary  circuit  (Fig.  18).  The  current  passes  up 
the  pillar  A  along  the  spiing  H  to  the  screw  .*^„  through  the  primary 


IS 
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to  be  a  mLnet     h«    '  a''"'"'  ^'^^  ''""'*'  ««"««q««n'ly  «  ceases 

magnet,  the  spnng  fl.es  up  into  contact  with  S„  and  again 


p.c 


Fio.  IS-Diagram  to  ,l,ow  tho  actiou  of  W.Knor',  hammur. 

completes  the  circuit.     The  number  of  times  the  circuit  will  be  thus 


-* —  ,   ^ 

Fm.  19.-Diagram  to  ,how  the  action  of  the  Helmholt^  ^ide-wlre. 


further,  the  break-shock  is  stronger  than  the  make-shock,  and  for  the 
same  reason  as  before.  "® 

Determine  the  distance  necessary  between   the   two  roil,  for   th^ 
shocks  just  to  be  felt  on  the  tongue.  ^ 
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Helmholtz  showed  that  it  is  possible  to  equalise  these  Faradic  shocks 
and  for  the  reason  already  explained.  For  this  purpose  (Fig.  19)  a 
o^  f  rlach    V Tr"""-  ''"  ^i"«^-«"—  7  -d  I  f »  screwed  «; 

of  the  cuL        hT"^'  ""*>  "  •"=™"*'  "P^     ^""°-  *»>«  «rcuit 
ot   the  current  which   passes  from   binding-screws    7    to    1    by    the 

17T  '"'  "  '°  *''  P"""^  •=«''•  b-'^  ^°  ^he  electro-magnet 1; 
b    d.„g.«erew  6  and  to  the  battery.     When,  however.  ..^current 

irtac  with  S  T  \  "''"'''•  "^  P""'  *^°""  ^''^  -P"»«  '"»« 
contact  w,th  S,.     This  short-circuits  the   battery-current  out  of  the 

C0.1  for  the  current  will  now  pass  from  the  pillar  A.  by  way  of  H 

circl:  r  W  l'  '^C  F  r;°  ''-  ^--y-  There  is'^irLf  the 
circuit  7  ^\  1  C.  E,  H.  A,  7.  in  which  the  break  extra  current 
can  run  and  reduce  the  strength  of  the  current  induce™  in  the 
secondary  coil  at  break.  ""ucea  m   ine 

no!vtirnV^\f' '"''  ''''"''"  '^'  ^°''«  *'^hich  the  shocks  are 
Z  T  K  °\  V"'f ''  ''  ^'"  ^  '■"""'^  '«  be  reduced,  showing 
that  the  break-shock  which  was  r.one  felt  before  has  been  redZd 
down  to  or  even  below  the  strength  of  the  make-shock 


CHAPTER  II. 

THE  GRAPHIC  .METHOD.     MAXIMAL  AND  MINIMAL  STIMULI 

UNIPOLAR  EXCITATION. 

Thk    graphic   method   is   applied    to  muscle    in   order    to    obtain    a 

S^on  Tnf  f  tr "'  "'  ^'^  '''''''  •"  ^«™  ^'  ^  muscle'  !■„; 
tTcSn  Forth  "  "'  """*'^''^  ''''  time-relations  of  the  con' 
traction.  For  this  purpose  it  is  necessary  to  describe  the  method  of 
preparing   the   muscle   and   then   three   special   pieces   of  aTparatus 

on  (2)  a  surface  either  stationary  or  moving  at  a  uniform  ral    f h! 
drum,  and  (3)  an  instrument  fo.   recordin-f  time  o„    ^   /     '    ? 
chi^nograph,  which  will  be  described  in  S^^^^^^^  *'^  '"""'  '"^^ 

verteLuoiu:ia;:\e^;rwrx^^^^^^     ^T^"^  ^^^ 

by  a  transverse  cut  with  a  pair  of  sch  or    an.  ^"'  L  "  "  '''"''^'^ 

pin  is  inserted  into  the  .sk'll  to  1  s  "o^^e    r  7  T     °^""'^^^■ 
<lestroyed  in  a  similar  way,  and  this  n^J^^IZj::;^^^:^ 
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quickly  cease,  the  ZyZ  ^^  <=«"t"ct.on..     These  twitchea 

L  all  reflex.  tv^L^e^aJ^hV*  '"  '  ^"^'  •"'  '^'""'^  ^""''■•^-• 

exposed  and  a  thrL  nil  ^  ,  "T  "  '°'""°"  '  **'*'  ^«do-Achilhs  » 

sermoidCe      Inlhf        "",  "  *'''  '""'^°"  *"^  ^'^^  J""'  »b«ve  the 
earned  bone.     In  this  way  a  hgature  is  attached  to  the  muscle  with- 


^^^ 


Fi.i.  iO. 

Fio.  Jl. 

Muscles  of  the  frog  ,  le^.      (After  Eeker.) 


Fill. 


•JO.— Dorsal  aspect. 

1.  Trinceps  femoris. 

2.  Biceps  femoris. 
;t.  Rectus  iiitumus. 
4.  Semimembranosus. 
».  Oostrocnemiiis. 
6.  Tendo  Achillis 


Flu.  L'l — VentnU  aspect. 

1.  Rectus  intenius. 
••'•  firacilis. 

3.  Adductor  limirus. 

4.  Vastus  intemus. 
a.  Sartorius. 
>2.  Adductor  br«Ti8. 
"•  Adductor  niagnua. 
**■  Jiastrocncmius. 

'1.  Tendo  Acliillis. 

the  leg,  which  „.  »„.  away  j«  MowTh    w'tT/  '':"""™.»f 
miisc  e  is  protected  from  rlrt;,,         i  r  ^"®  gastrocnemius 

stances  hyVwtl  L"n  tr.^tr^tr'^^/rr  tI^  "^^  ^"^ 
IS  now  dissected  in  the  following  wav      tL    I  f ""'  ""'"" 

surface  of  the  thigh  is  dividedbv  alT  t  ^  "  '''*'''  '^'  ''°^'«"«'- 

line,  the  biceps  and  semi^m  ^Lo^  ^^^^^^^  "•'^'^•«"  '"  ^^^  -^'^'^ 
sciatic  nerve  is  exposed.  ThH Sri  "!  J^^  TT*^'  '""^  ''" 
for  it  is  easily  damao^d      Th!  ,  ^  '""'^*^''  ^'^^^  '"^'"^^^Ps, 

then  the  uro'ty  e^^^^  117         T"^  "'^^  '^'*'>«  ^-^^'^  -^ 
the  sciatic   nerve  a^  Ir  ex  osT?  Vlf;  s^'V ^T ''"^"  ^"'^^  «*' 
.ansversely  between  the  ethTdth   'e    ebrlur^^^^^'l 
-th  vertebrae  are  bisected.     Tl,e  piece  of  hone   ZVlJch\u 
U.  be  prepared  issue,  can  be  grasped  with  the  fo':;  l^^f  1:::: 
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to  the  nerve,  and  the  sciatic  nerve  is  freed  from  the  surrounding  tissues 
as  far  as  the  knee.     The  thigh  is  then  severed  from  the  body  by  a 


■•■'"•  2-'-  F.O.  23. 

Uiasrrams  of  a  muscle-  and  iierve-preparatlon.    (Pembrey  and  l>hillip.  ) 
t  lo.  22.— The  Bret  stajre  of  diMectlon. 

Flu.  :!3.-The  second  nUige  of  dissection.    The  sciatic  nerve  exposed  and  the  Kastroc- 
nemius  muscle  covered  by  akin.  i-"""  »..u  luo  Kasiroc- 

transverse  cut  close  to  the  articulation  of  the  head  of  the  femur  rFisa 
22  and  23).  ^    ^  " 

In  order  that  the  best  results  may  be  obtained  the  muscle-  and 

nerve-preparation  should  be  as 
fresh  and  irritable  as  possible, 
and  in  order  to  obtain  this  the 
following  precautions  should 
be  observed,  (a)  All  apparatus 
for  the  experiment  should  be 
in  working  order  before  the 
dissection  is  commenced,     (i) 
The  muscle  must  be  prevented 
from  drying  by  keeping  the 
"trouser"  of  skin  pulled  down 
over  it,  and  since  the  nerve 
is  even  more  easily  killed  by 
drying,  it  should,  when  not 
required  for  immediate  stimu- 
lation, be  allowed  to  lie  among 
the  muscles  of  the  thigh,  the 
lymph  of  which  will  keep  it 
not  be  placed  upon  the  frog's 


Fig.  24.— The  crank-lever,  muscle-board  and  stand. 

moist  and  irritable.     The  nerve  must 
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•kin,  the  secretions  of  which  quickly  iniura  it      ir\  wu      .u 

across    in   tho    »kj„u  ,  «•  «u«o   is  snouia   not   be  cut 

The  MiMcle-lew  takes  one  of  two  chief  forms : 

{a)  Ihe  crank-lever  (Fie.    24)   consistj.  nf   ««    1     i        j      . 


■«l«0»T*TL0eK.LO«O0N      A 
K,o.  -.-Xhe.»p,e,everwith„,t,..c.a...,..„.     ,,  Ca.p:  ..  .ever;  M,  »...,... 

point,  whilst  the  vertical  arm  is  short  o„j  *     .i.-      , 
the  tendo-Achiliis    i,   firmK    t  ed      Th'  ,         '^'  '^''''^  '""""^ 

straight  line  as  the  lever  o„  th«"         ,   ^'f'  ''''''  "'   *''«   «««»« 
wood  covered  with  cork     '"'•^^.^^^.^^-^^^^d' «  horizontal  piece  of 

(Fig.  24,  the  arm  T/.Z'V^t'^i  TthVh  '  ^^"t  ^""^ 
writing  point  of  the  mvo,rr«„K        ?^*'''*   °"   ^''e   base,  so   that   the 

i.h.  ifz  ^i^o^it^'i^tr^uirjTT'^t'^'' '''''■' 

When  the  threw!  ha.  been  tW  t„T  T  ""^  °'  ""  '"•>*■ 

the  lower  end  »f  th"  fer„r  1!,  I  ,"''■  '  ••'"  "  '"*«'  "■"'"gh 
fixed  point  from  .hlhToull  h'-"*'  """  ^""  ""  '""■«"• 
the  mmel,  h  .t  re^  ,1.^  fiV.  "  '""^'^  '»  «•  ">«,  when 
th..  there    I  n    ^f^Ll-'  .'"S  .7    "^  "^  ""  "'"  "  ""'■  '"^ 

fu«he..hewH.i„gj',boL;tit::o,;Li"''° '""""'"■■  ^•''■•-^ 

In  th„  ,o™  of  W  the  movement  of  the'  ™ting  point  ,  „  ,,b, 
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•nglea  to  the  movement  recorded.  The  magnification  of  the  movement 
of  the  muKle  reccrded  by  the  lever  ii  calculated  by  dividing  the  dis- 
tance of  the  writing  point  from  the  axis  by  the  distance  from  the  axis 
of  the  point  of  attachment  of  the  thread  from  the  tendon.  The  nearer 
to  the  axis  the  muscle  is  attached  the  greater  will  be  the  magnification. 
It  is  quite  sufficient  to  magnify  the  movement  of  the  muscle  5  times. 
(6)  The  simple  lever  (Fig.  25)  consists  of  two  parts :  a  rigid  femur- 
clamp  to  hold  the  piece  of  femur,  and  a  horizonUl  writing  lever  below 
it  to  which  the  thread  on  the  tendo-Achillis  is  tied.  Care  must  be 
taken  that  the  femur-clamp  and  lever  lie  in  the  same  plane,  and  that 

the  muscle  is  tied  to  a  point  on  the  lever 
vertically  below  the  clamp.  In  this  case 
the  movement  of  the  writing  point  is  in 
the  same  plane  as  that  of  the  movement 
recorded.  The  magnification,  as  before, 
is  calculated  by  dividing  the  distance  of 
the  writing  point  from  the  axis  by  the 
distance  of  the  point  of  attnchment  of 
the  muscle  from  the  axis. 

The  writing  lever  must  be  as  light 
as  possible  (see  page  27,  Chap.  III.),  but  it 
must  be  sufficiently  rigid  to  prevent  vilira- 
tions  being  set  up  in  it.  For  this  purpose 
writing  levers  are  generftlly  made  of  light 
metal,  glass,  Japanese  cane  or  straw. 

The  actual  writing  point  is  made  of 
thin  metal  foil  <;•  -'nderately  stiff  paper 
bent  at  its  free  end  slightly  over  towards 
the  drum.  The  writing  point  must  lie 
as  nearly  as  possible  parallel  to  the  recording  surface,  or,  in  other 
words,  at  right  angles  to  a  radius  of  the  drum.  Further,  the 
bend  near  its  end  is  necessary ;  it  acts  as  a  weak  spring  and  keeps 
the  writing  point  up  against  the  recording  surface  in  different  positions 
of  the  lever.  For  the  end  of  the  lever  describes  a  curved  line,  and  the 
more  it  leaves  the  horizontal  position  the  greater  will  be  the  distance 
of  the  end  of  the  straw  from  the  recording  surface. 

The  Kymograph  or  recording  drum  (Fig.  26)  consists  essentially  of 
a  stout  brass  cylinder  which  is  made  to  revolve  round  a  vertical  axis 
by  either  clockwork  or  string  belting  from  a  motor.  It  is  necessary 
to  have  some  arrangement  by  which  the  speed  of  revolution  can  be 
altered  within  wide  limits  ;  this  is  obtained  by  various  mechanical 
devices  in  different  patterns  of  drum,  one  of  which  is  shown  in  Fig.  26. 


■Jii.— Kymograph. 
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from  the  ga,  «.„«  .hoald  1«  d.  k  Zt„  I^     '""■  "T"  "'"*'■""' 

.nd  pinning  i.  „|,  Jly^  "  """'  ""»"«''  «  '»™»Un«  »lttion  ' 

cylinder;  ij.  .herefl Ta ^t^^nhlf.  r™  T'"'"«  "  ""« 
■Ircpped  or  in  any  „•   •  dented  """  ''"'"'''  "•"»■  '= 

Mi»in«l  ud  Maxima  stlmnU  —If  the  .,„„  .1,    ,    . 
applied   to  .   niuscle    be   varied   »itl^i„        ,      *      °'  ""  "'"•"'"' 
.ha..hen,„„„la,„.,,,„Lr'.;es    „  Z  I       '"    '\"   ''"°'' 
..on  .be  greater  is  .be  .borun,  ,g  oiZZ^^L        ""'"  ""'  '■"'•*■ 

atueh  it  .„  the  myogmph  eTr  T.      *""""'"""'  !"«?«■»«<■»   .nd 
-.  ai«e.,y.  -e  .^e^^Sf  if :--rp=^^^^^^^^^^ 


to 
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ami  fixeM  the  lower  emi  of  the  femur;  the  other  wire  from  the  Du 
lioiH  key  it  joined  to  «  pieci'  of  capillary  copiier  wire  which  has  l)cen 
threaileil  by  nieanit  of  u  ifetlle  through  th.'  ten«lo-Achilli».  In  this 
way  the  current  can  l»e  |)a8h  d  through  the  length  of  the  muscle,  and 
the  very  fine  wire  will  not  cau«o  any  olwtruetion  to  the  free  movement 
of  the  muscle  when  it  contracts.  Bring  the  writing  jioiiit  on  to  the 
surface  of  the  ittationary  drum. 

With  the  secondary  coil  at  20  cm.  and  the  Du  Bois  key  open,  make 
and  break  the  primary  circuit,  no  contraction  will  take  place.  (!radu- 
ally  move  up  the  secondary  coil  towania  the  primary,  opening  and 
closing  the  key  in  the  primary  circuit  at  eacli  new  jwsition.  With  the 
secondary  coil  at  alwnt  16  cm.  the  muscle  will  contract  at  break  but 
not  at  make,  showing  that  the  break  induction  shock  is  stronger  than 
the  make-shock.  Tbe  contraction  is  recorded  on  the  drum  by  a  nearly 
vertical  line,  and  shows  a  minimal  contraction  in  response  to  a  miniuul 
stimulus;  the  make-induction  shock  is  still  a  subminimal  stimulus 
and  no  contraction  results.  Rotate  the  drum  on  a  short  distance  by 
hand,  move  the  secondary  coil  up  1  cm.  and  stimulate  again.  Hepeat 
this  process,  moving  the  drum  on  after  each  contraction  and  inci easing 
the  strength  of  the  stimulus  after  each  make  and  break  of  the  primary 
circuit  (Fig.  27).  As  the  strength  of  the  stinuilus  is  increased  the 
contraction  at  break  incrci.ies  in  height  rapidly  at  first  and  then  more 


Fi<:.  27.— HolKhtH  of  cimtractioii  of  a  muscle  with  dllTereiit  strenirtha  of  atlmnli 

Ji,"?.'.,*  ""  .""'''"  *"?  J.'  *•">  ""»"  o'  ">e  primary  cireutt    Th„  Sbe«  «f™r   o 
the  rtiitances  In  emu.  of  tlie  «coud.iry  from  the  primary  coil.    (A  P  U.) 

slowly  until,  with  the  secondary  coil  at  about  7  cm.,  a  point  is  reached 
beyond  which  the  height  does  not  increase.  At  7  cm.,  therefore,  the 
break-shock  and  the  contraction  which  it  causes  are  maximal.  All  stimuli 
intermediate  in  strength  between  minimal  and  maximal  are  called 
aximal.  At  a  certain  point  the  make-shock  will  be  found  to 
m  an  effective  stimulus  and  cause  a  minimal  contraction.  As 
tiK  .Ke-shock  is  increased  in  stieugth,  the  contraction  rapidly 
increases   in    height   until,    with   the  secondary  coil  at  about  7  cm.. 
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ll::r  *""' '  ""•' ''  -^^-^  ^"^  --  »'«'«»'^  -  ^^^  ^r..v 

The  hiKl..T  the  contraction*  become  the  more  obvio.w  i,  it  that  the 
wr.t,„K  ,K„nt  .IcHcrik.  on  the  .tation.ry  drum,  not  a  .t  ,i«.  t  i  « 
an  are  of  u  circle.     The  shortening  of  the  mu.cle.  af^r  a  I Iw  J:    " 
the  magnification  by  the  lever,  i,  n.ea«„re,l  not  by  the    el  7    'ti 

It  i.  nece8«ary  to  ,H,int  out  here  that,  when  the  prinmry  circuit  i. 
made     an,l  the  same  i,  true  if  it  l«  brol<cn-u  nJn.enta  y  1 

urrent  ,s  .K,th  ma.ie  and  broken  through  the  nerve,  and  yet  ere 
.H  only  one  contraction  of  the  m.ucie.  It  ha,  been  found  ha  T^ 
a  current   o    such   short  duration  the  break  stin.uh...  i        e    ^  i 

,    '   J      ;/      J    ■  "    "'•'  ''■■'""■'•  ""'"-'""■•• »''«  !•••""«"  circuit  is  „,a.le 

::n;:t;;:!^  :r :  "^^"'"•- ^-''-- ^-»'>-'--^e  stim^^ 

Unipolar  ExciUtion. -Connect  a  battery  to  a  coil   so  as  to  -nve 
an.s,n«  shocks;  connect  a  wire  to  one  pole  of  the  secondary  IVa^^d 
|.Iace   us  tree  en.l  on  the  tongue.     If  the  secondary  coil  LmoTel 
completely  over  the  primary,  faint  shocks  will  be  felt.     Th    ex  Ian 
t.on   of  tins  phenomenon   is  that  the  making  and   breakin-.  o        e 
pnmar.  c.rcu.t  causes  free  electricity  to  collect  at  the  end  oHhe  w^re 
connected  w.th  the  secondary  coil ;  when  the  k.m.k.  of"his  cht"" 
snthcent  to  overcome  the  resistance  of  the  tissues  of  the  bid?, " 
c.rcu,t  .s  completed  through  the  body,  the  Hoor  and  desk,  and    o  b    k 
to  the  other  pole  of  the  secon.lary  coil.     With  the  wir^  sti  I  1  ? .« 
tongue,  touch  the  other  pole  of  the  secondary  coi    w^a      L    en 
hnger;  much  n.ore  powerful  shocks  are  felt   because  a  m.^      ret 
c..u.tj.m  one  pole  to  the  other  of  the  secondary  coil  Tas  tn 

Kepeat  the  experiment  on  a  sciaticgastrocnemius  preparation  in  the 
following  way.  w,th  e.ther  tet^xnising  or  single-induction  shocks  Lav 
the  preparation  on  u  perfectly  clean  and  dry  glass-plate  and  .dace  a 
wire  connected  with  one  pole  of  the  secondary  coil  under  tlln 
contraction  of  the  muscle  takes  place  bect^t  X  p  atcTnriat: 
he  preparation  and  the  secondary  circuit  cannot  be  cLpleted      W 

thro  gh't'he'ear      Ti ,'  T'^'^''  "^""^  '""^  ^-'^   -   --P'^te" 

toucht:^;::L^c- ^-rcist:^^^^  ^r 

.uscle  as  possible  without  touching  it,  the  r^cTe  c^tl^sTS^^ 
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if  a  moistened  finger  of  the  other  hand  touches  the  other  pole  of  the 
secondary  coil.  In  this  case  the  human  body  acts  like  a  condenser 
charged  with  electricity,  which  by  its  approach  can  stimulate  muscle 
or  nerve.  Further,  if  the  nerve  be  ligatured  between  the  electrode  and 
the  muscle,  or  cut  across  and  the  two  cut  ends  laid  over  each  other, 
which  will  prevent  the  passage  of  a  nervous  impulse  along  it,  contrac- 
tion of  the  muscle  is  still  produced,  because  the  discharge  takes  place 
along  the  whole  length  of  nerve  and  muscle  between  the  electrode  and 
the  point  by  which  the  muscle  is  connected  to  the  earth,  so  that  any 
irritable  tissue  in  the  course  taken  by  the  charge  is  stimulated. 

If,  however,  the  muscle  and  nerve  preparation  is  laid  on  an  ordinary 
moistened  muscle-board,  the  insulation  is  so  slight  that  one  electrode, 
connecting  the  nerve  and  the  secondary  coil,  will  by  itself  cause  the 
muscle  to  contract. 

It  is  in  order  to  guard  against  accidental  stimulation  of  muscle  and 
nerve  by  unipolar  action  that  a  Du  Bois  key  must  always  be  placed  in 
the  secondary  circuit,  and  must  always  be  kept  closed  except  when  the 
tissue  is  being  intentionally  stimulated.  The  brass  bridge  of  the  key, 
which  has  many  thousands  of  times  less  resistance  than  the  tissue 
between  the  electrodes,  affords  a  perfect  closure  of  the  secondary 
circuit  and  prevents  static  electrification  of  the  electrodes. 

Errors  from  unipolar  action  are  liable  to  take  place,  especially  in  the 
study  of  the  electromotive  phenomena  of  muscle  and  nerve  by  the 
electrometer  and  galvanometer  (see  Chap.  IX.,  Part  III.). 


CHAPTER  III. 
A  SINGLE  CONTRACTION  OF  A  GASTROCNEMIUS  MUSCLE. 
In  order  to  study  the  contraction  given  by  a  muscle  in  response  to 
a  smgle  stimulus,  it  is  not  sufficient  to  inspect  the  curved  line  traced 
by  the  myograph-lever  on  a  revolving  drum.  It  is  also  necessary  to 
study  the  length  of  time  occupied  by  the  whole  twitch  and  the  time- 
relations  of  different  parts  of  it.  For  this  purpose  a  time-tracing  must 
be  simultaneously  recorded  by  a  special  apparatus,  which  generally 
takes  one  of  two  forms. 

(1)  The  Tuning  Fork  ;  to  one  prong  of  this  a  writing  point,  similar 
to  that  on  the  myograph-lever,  is  attached.  With  the  writing  point 
lightly  touching  the  blackened  surface  of  the  drum,  a  sharp  tap  is 
given  to  the  fork,  and  the  drum  set  in  motion  ;  care  must  be  taken  that 
the  drum  does  not  make  more  than  one  revolution,  otherwise  the  time- 
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tracing  will  run  over  itself.  The  number  of  coui.lete  vibrations  per 
second  and  the  time  value  of  each  will  depend  upon  the  note  of  the 
fork.  The  most  useful  fork  is  one  that  gives  100  complete  vibrations 
per  sec.  A\  hen  more  rapid  vibrations  are  required  the  above  method 
IS  not  suitable,  because  the  vibrations  of  a  fork  of  a  higher  note  cease 
so  soon  after  a  single  tap. 

In  order  to  obtain  a  time-tracing  in  .>^ths  or  less  of  a  second,  it  is 
necessary  to  use — 

(2)  A  Ohronograpli  or  time-marker,  which  records  on  a  drum  the 
number  of  times  per  second  a  current  through  it  is  made  and  broken  by 


Fiii.  28.— A  time-inarker. 

another  special  piece  of  apparatus.     The  chronograph  (Fig.  28)  consists 
essentially  of  an  electro-magnet,  which,  when  th'e  c'urrent'throirh 
made  attracts  and  pulls  down  a  metal  lever  carrying  a  writing  ,,1 
\\  hen  the  current  through  the  electro-magnet  is  broken,  a  spring  at 
the  other  end  of  the  lever  raises  the  writing  point 

The  apparatus  used  to  make  and  break  a  current  through  the  chrono- 
graph at  any  definite  known  rate  is  a  tuning-fork  of  the  corresponding 
note.     To  one  prong  of  the  fork  is  attached  a  platinum  wire  which 


Fio.  39. -A  tuning-fork  with  electro-magnet. 


With  each  complete  vibration  of  the  fork,  makes  and  breaks  the  chrono- 
graph circu.  by  touching  .nd  receding  from  a  brass  contact  or  mercury 
cup  (Fig.  29  .     The  tuning-fork,  when  once  started  vibmting  by  a  ta;' 

(Fif  30?  T?'  ''f 'r"f  '^''"  «'-tro-magnet  in  the  same'^circuk 
(i  g.  .0).  Thus,  when  the  platinum  wire  touches  the  mercury  cup  the 
battery  current  is  made  through  the  chronograph  and  the  wriig  point 
.s  pulled  down;  at  the  same  time  the  current  is  made  through  The 
o  her  electro-magnet,  which  attracts  the  tuning-fork  and  puHs  the 
platinum  point  away  from  the  mercury.  Both  electro-magnet  now 
cease  to  act.  the  writing  point  of  the  chronograph  is  pulled  up  by  tlil 
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spring,  and  the  platinum  wire  of  the  tuning-fork  again  touches  the 
mercury,  thereby  making  the  circuit  again. 

To  record  the  contraction  of  a  muscle  in  response  to  a  single  maximal 
induction-shock,  the  apparatus  is  set  up  in  the  following  way  (Fig.  31). 


Fio.  30.— Diagram  of  the  chronograph  v.    nit. 

Connect  one  pole  of  a  Daniell  cell  to  one  top  binding-screw  of  the 
pnmary  coil,  and  the  other  binding-screw  of  the  coil  to  a  binding-screw 
on  the  base  of  the  stand  of  the  drum.  The  current  passes  through  the 
metal  work  of  the  stand  to  a  metal  striker  carried  beneath  the  drum  on 
its  axle.  As  the  drum  revolves  this  striker  touches  a  strip  of  naked 
wire  attached  to,  but  insulated  from,  the  rest  of  the  stand.      The 

binding-screw  in  connec- 
tion with  this  naked  wire 
is  connected  to  the  other 
pole  of  the  battery.  It  is 
only  when  the  striker  and 
naked  wire  are  in  contact 
that  the  primary  circuit  is 
completed. 

A  sciatic  and  gastroc- 
nemius     preparation      is 
made  and  attached  to  the 
.  , ,   ,  .         ,  myograph-lever,   which    is 

weighted  near  ite  axis  with  10  or  20  grams,  and  which  should  than 
be  honzontal  The  nerve  is  laid  across  the  electrodes  coming  from 
the  Du  Bo.8  key,  and  the  secondary  coil  is  arranged  to  give  maximal 
induction-shocks.  A  tuning-fork  giving  100  complete  vibrations  per 
^cond  ,s  arranged  to  write  just  beneath  the  myograph  levVr 
Before  the  two  writing  points  are  brought  into  contact  with  the 
smoked  surface,  the  drum  should  be  made  to  revolve  in  order  to 
see  that  ,t  w,ll  rot..te  away  from  the  writing  points  and  at  a  suffi- 


Fio.  31.— Diatn^m  of  the  appnratu*  for  recordii     ■* 
aiiiKle  muscular  contraction. 


ELEMENTARY   EXPERIMENTAL   PHYSI()L(.CiY  aS 

dently   rapid   rate;    the   rate   of  rotation   should   not   he   less   than 

.ghtly.  and  w,th  the  Du  Bois  key  open,  and  the  fork  vibrating,  I.-tThe 
drum  make  one  revo huion  and  no  more.     The  curve  of  the  muscu  a 

(F>g.  3.).     C bse  the  Du  Bo.s  key,  remove  the  tuning-fork,  but  do  not 

With  th'  '°v""  "'  ^'^  '""  °'  ^''^  ^^"^  -">•'%'  the  myog^a  h 
^V  .th  the  wntmg  po.nt  of  the  lever  accurately  on  tire  absciss^  Hne  of 

he  muscle  curve  let  the  drum  revolve  so  as  to  complete  a  base  line 
beneath  the  actual  curve  correspo„.li„g  to  the  muscular  contract  on 

V  h  the  w„t.ng  po,„t  sti  1  on  the  base  line,  rotate  the  .hum  by  han.l 
".  -il  the  .tnker  just  touches  the  naked  wire.     At  this  position  of  the 


drum  a  maximal  make  induction-shock  was  sent  into  the  nerve  •  with 
the  finger  on  the  lever  make  the  writing  point  describe  a  v  rtTcIl  arc 
wh,ch  cuts  the  time-tracing  below  and  the  abscis.sa  line  abo^^  In  the 
same  way  by  rotating  the  drum  by  han.l,  vertical  arcs  are  drawn 
through  the  muscle-curve  and  time-tracing  at  the  three  following 
pcnts:  (1)  the  point  at   which   the  curve ^aves  the     Le  ^ne") 

It  will  be  noted  that,  during  the  single  revolution  of  the  drum  the 
primary  circuit  has  not  only  been  made  but  also  been  broken  a^lhl 
by  the  stnker  leaving  the  naked  wire.     The  nerve  has  consequenU 

llZl  d  T'"""'  "'''^  "'''  *'^"  ^  "^^-«»  •'-k  shock,  bTh's^  on  ' 
responded  by  a  contraction  to  the  first;  for  owin^to  th^r  a 
rotation  of  the  drum,  the  second  stimulu's  hrrli  .he  m  Se 
00  soon  after  the  first  .or  the  muscle  to  be  able  to  respond  (see  Re 
fractory  penod  of  muscle,  p.  42).  If,  however,  the  drunfis  rev  vfn, 
but  slowly  the  second  stimulus  may  follow  the  fir.t  after  a  rfficlnt 
interval  of  t.me  for  the  muscle  to  partly  respond  to  it     This  ,  L 
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to  a  deformation  of  the  curve  (Fig.  32).  in  which  the  hump  near 
the  top  of  the  up  stroke  of  the  lever  is  caused  by  the  muscle  re- 
sponding  to  the  second  stimulus  (see  Effect  of  two  successive  stimuli 
Chap.  VII.,  p.  40).  If  with  a  slowly  revolving  drum  it  is  desired  to 
send  into  the  nerve  a  single  stimulus,  it  is  only  necessary  to  place  the 
secondary  coil  at  such  a  distance  from  the  primary  that  the  break 
but  not  the  make  shock  i.s  effective. 

The  curve  (Fig.  .{2)  occupies  about  ,'g?;,ths  sec.  and  can  be  divi.led 
into  three  parts. 

(1)  The  first  part  extends  from  the  point  at  which  the  stimulus 
reached  the  nerve  to  that  at  which  the  contracting  muscle  began  *. 
raise  the  lever.     This  is  the  latent  period,  and  is  seen  to  last  uoout 

-jAijth   of  a   sec.      During  this 
period  several  distinct  processes 
take  place;  (a)  a  nervous  impulse 
has  to  pass  down  the  strip  of 
nerve  between  the  point  stimu- 
lated and  the  muscle,  this  will 
occupy  about  ^jf^j^ths  of  a  second 
(see  Velocity  of  nervous  impulse). 
Of  the  remaining  ij-'^i^ths  (h)  the 
passage  of  the  nervous  impulse 
along    the    fine    motor    nerve- 
endings  occupies  about  xTJirtrths 
sec,  and  (c)  the  latent  period  of  the  muscle  iUelf  about  ^ri'axi^hs  of  a 
sec.     This  in  turn  is  due  to  several  factors,  of  which  two  must  be 
mentioned.     When  muscle  fibres  begin  to  contract  a  certain  time  must 
elapse  before  the  muscle  is  able  to  exert  a  sufficient  pull  to  move  the 
recording  lever;  in  other  word.s,  there  is  instrumental  inertia  to  be 
overcome.     Again,  when  muscle,  which  is  highly  extensible,  begins 
to  contract,  every  part  of  every  fibre  does  not  simultaneously  begin  to 
shorten;    but   the  contracted   part  of  a  fibre  stretches  at  first  the 
uncontracted  part,  and  is  therefore  not  united  to  the  lever  by  a  rigid 
connection.     It  is  only  when  the  tension  in  the  stretclied  part  has 
sufficiently  increased,  or  the  fibre  as  a  whole  has  passed  into  a  state  of 
contraction,  that  the  lever  begins  to  be  pulled  upon. 

(2)  The  second  period  extends  from  the  point  at  which  the  lever 
begins  to  rise  to  the  point  highest  above  the  base-line.  This  is  the 
period  of  active  contraction  or  shortening  of  the  muscle,  and  occupies 
about  x^jths  of  a  sec. 

(3)  The  third  portion  extends  from  the  highest  point  of  the  curve  to 
the  point  at  which  the  .urve  rejoins  the  base-line.     This  is  the  period 


/lo.  33.— Contraction  of  the  «ame  prupamtion 
a.s  In  Flsf.  32.  recorded  on  a  drum  reTolvinK  ut 
a  slower  rate.  The  hump  near  the  top  ofthe 
upntriike  of  the  lever  reiircsents  a  second  con- 
traction in  response  to  the  breiU-  shock.  Time 
marker,  100  per  see.    ( A.  P.  B  ) 
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Of  relaxation  and  lasts  about  ,  ;i,ths  of  a  sec.  K..laxation  is  a  passive 
process  brought  about  by  the  falling  lever  and  weight  .loing  the  same 
amount  of  work  on  the  muscle  as  the  n.usclo  during  its  period  of 
shortening  has  done  in  raising   the  lever  and  weight  to  Tcertain 

The  muscle^curve,  although  roughly  a  magnified  record  of  the  change 
m  length  of  the  muscle,  is  deformed  by  certain  errors  of  instrumental 
origin,  which  ,t  is  necessary  to  mention  in  or.ler  to  avoid,  so  far  a« 
they  are  preventible.  The  most  important  are  the  mass  an.l  length  of 
the  lever  and  the  disposition  of  the  weight  along  it.  Thev  affect  all 
parts  of  the  curve.  The  weight  of  the  lever  tends  to  pr'event  the 
muscle  rrom  beginning  to  raise  it  (inertia  of  position)  and  so  lengthens 
the  latent  period;  therefore  the  lever  shoul.l  be  as  light  as  possible 
During  the  stage  of  shortening  the  lever,  when  once  in  motion,  tends 
to  be  carried  on  by  its  own  momentum  after  the  muscle  has  ceased  to 


pull  on  it  (inertia  of  motion),  and  so  makes  the  muscle  appear  to  have 
shortened  nK.re  than  it  really  ha.s.  For  the  same  reason,  during  the 
period  of  shortening,  the  tension  on  the  muscle  is  not  unifor-  but 
becomes  less  as  the  lever  undergoes  acceleration  ;  during  the  relaxudon 
exactly  the  opposite  happens,  a  heavy  lever  as  it  falls  again  undergoes 
acceleration  and  increases  the  tension  on  the  muscle  throughoat  the 
relaxation  and  may  even  stretch  it  Ivyond  if  original  resting  length 
(i-^.  34).  In  order  to  reduce  the*,  errors  the  lever  again  should  be 
as  light  as  possible. 

On  the  other  hand,  to  attach  to  the  muscle  no  other  weight  i  an 
that  of  a  very  light  lever  would  introduce  fallacies.  For,  unless  the 
muse  e  .8  sufficiently  weighted  to  keep  it  taut,  there  lay  be.  when  the 
nmsde  begins  to  contract,  a  certain  amount  of  'slack'  to  be  taken  in 
which  would  cause  an  apparent  lengthening  of  the  latent  period 
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Again,  when  the  muscle  does  begin  to  pull  on  the  lever,  it  will  do  so 
with  a  sudden  jerk,  which  may  canse  a  light  lever  to  fly  up  out  of 
control  of  the  contracting  muscle;  this,  again,  makes  the  muscle 
appear  to  have  undergone  greater  shortening  than  it  really  has  (see, 
however.  Chapter  II.,  Fart  III.).  Further,  the  relaxation  of  a  muscle 
Deing  purely  passive,  the  period  of  rdaxation  of  an  insufficiently 
weighte.1  muscle  is  much  prolonged,  and  the  writing  may  fail  to  reach 
the  base-lme  again.' 

In  order  to  get  over  these  instrumental  difficulties,  the  muscle-lever 
must  be  as  hght  as  is  consistent  with  rigidity,  and  the  muscle  must  be 
suitably  loaded,  the  weight  I,eing  attached  near  the  axis  of  the  lever 
for  the  f^Dliowing  reasons:  the  nearer  it  is  to  the  axis,  the  less  move- 
ment will  It  undergo,  and  therefore  the  less  will  be  its  inertia  of  move- 
ment and  the  more  uniform  the  tension  on  the  muscle  throughout  the 
curve.     This  disposition  of  the  weight  also  helps  to  reduce  the  after- 
vibrations  or  '  shatter '-curves  which  are  frequently  Men  following  the 
relaxation   (Fig.   34).     Compare  with   this   Fig.   32  taken  from   the 
same  muscle;    by  hanging  a  weight  of  30  grams  near  the  axis  of 
the  lever  the  .shatter  curves  have  been   nearly   eliminated,   and   are 
represented  by  the  slight  oscillation  between  the  two  vertical  lines  at 
the  end  of  the  curve. 

It  may  be  pointed  out  that  in  the  living  body  the  muscles  are 
always  we.ghte.l  when  they  contract,  and  even  when  relaxed  they  are 
under  considerable  tension ;  for  they  Hre  really  shorter  than  the  distance 
between  their  points  of  origin  and  insertion,  and  their  antagonists  are 
always  exerting  a  certain  pull  on  them,  and  some  muscles,  such  as 
the  deltoid,  are  considerably  stretched  by  the  weight  of  a  limb 

The  length  of  the  lever  is  of  some  importance;  for,  besides  the  fact 
that  length  reduces  the  rigidity  of  a  light  lever,  a  further  deformation 
of  the  cuive  is  introduced  by  increasing  the  magnification.  As  the 
writing  point  is  raise.l,  it  tends  to  leave  the  drum,  and  in  the  course  of 
a  much  magnified  curve  is  only  kept  on  the  drum  by  the  leiigthenin.^ 
out  of  the  spring  formed  by  the  writing  point.  Therefore  the  more 
the  writing  point  is  raised  above  the  horizontal,  the  more  the  magnifi- 
cation IS  constantly  increasing.  For  this  reason  the  muscular  move- 
ment should  not  be  magnified  more  than  is  sufficient  to  make  the 
record  of  it  clear. 

Although  muscle  curves,  as  accurate  records  of  the  muscular  move- 

'  Muscles  during  the  cold  of  winter,  even  uhen  properly  weighted    frequentlv 
show  this  .contraction-remainder.'    If  cold  I.e  the  ca«^.  turnbL^l  •  ZL  ' 

^zisr^;^::::-- "— --■  --« -- .  :z. 
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ment,  have  fallacies  inseparable  from  the  H.etho.1  of  recording  then,    it 
18  possible  to  make  two  rough  deUuctions  from  them  : 

(1)  The  amount  of  actual  shortening  a  muscle  undergoes  during  con- 
traction can  be  calculated  by  measuring  the  vertical  h.ight  of  the  top  of 
the  curve  above  the  base  line  and  .lividing  it  by  the  magnification  •  in 
tig.  32  the  height  is  20  mm.,  and  the  magnification  5,  therefore  'the 
muscle  became  shorter  by  4  mm.  The  length  of  the  resting  muscle 
when  loaded  by  lever  and  weight  was  25  mm.,  conse-niently  the 
muscle  during  contraction  became  shorter  by  4x  ,'.,  i  ,■  nearly 
sixth  of  its  original  length.  -••'••  i 

(2)  The  amount  of  work  done  by  the  muscle  during  its  contraction  i. 
the  product  of  the  load  and  the  height  to  which  it  was  raised,  W=  L  x 
H.  In  Fig.  32  the  actual  load  which  the  muscle  raised  was  not  the 
w-hole  of  the  30  grams,  hung  near  the  axis  of  the  lever,  but  a  proportion 
of  It  calculated  by  multiplying  by  the  distance  from  the  axis  of  the  point 
of  the  suspension  of  the  weight,  and  dividing  by  the  distance  from  the 
axis  of  the  point  of  attachment  of  the  muscle  ;  this  fraction  was  '  and 
the  actual  load  lifted  6  grams.  The  height  to  which  it  was  raised  was 
4  mm. ;  consequently  the  work  performed  was  24  gramme  millimetres 


CHAPTER  IV. 

THE  CONDITIONS  WHICH  AFFECT  SIN(;LE  MUSCULAR 
CONTRACTIONS. 
(a)  Different  Muscles,     (b)  Veratrine. -The  cur,e  produced  by  the 
contraction  of  a  muscle  may  be  altered  not  only  by  such  influences  as 
temperature,  load,  fatigue,  and  drugs,  but  also  by  the  differences  in 
structure  of  various  muscles.     The   muscular  fibres   of  the  frog  are 
fumd  to  present  two  varietie.s,  clear  and  granular,  which  differ  both  in 
St.  ucture  and  in  physiological  properties.     The  gastrocnemius  may  be 
taken  as  an  example  of  a  muscle  whose  fibres  consist  largely  of  the 
clear  variety,  and  the  hyoglossus  of  the  granular  variety,  /...  a  muscle  in 
which  the  majority  of  n.nscle-fibres  contain  more  nuclei  and  are  rela- 
tively richer  m  undifferentiated  iiying  material,  the  sarcoplasm      The 
chief  physiological  difference  between  granular  an,l  clear  muscles  are 
that  granular  muscles  have  a  slower  and  more  prolonged  contraction' 
are  less  excitable,  more  easily  tetanised,  and  less  readily  fati-ued 

In  mammals  the  same  differences  between  red  and  white  muscles  can 
be  shown  to  exist.  Ked  muscles,  such  as  the  m.a..setcr  or  soleus  of  the 
rabbit,  differ  structurally  in  having  more  sarcoplasm  and  nuclei  in  their 
fibres,  and  are  redder  in  colour  owing  to  a  much  richer  capillary  net- 
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work  between  the.r  fibres  an.l  to  the  presence  of  myohaen.atin  in  the 
fibres  themselves  ;  physiologically  they  are  far  less  readily  fatigued  and 
show  a  contraction  four  or  more  times  as  long  as  that  of  the  white 
gastrociieniiiH  (Fig.  35). 

For  comparison  with  the  single  twitch  of  the  gastrocnemius,  that 
given  by  the  hyoglossus  may  now  be  studied.  This  muscle,  arising 
from  the  anterior  edge  of  the  body  of  the  hyoid  cartilage,  runs  forwards 
into  the  substance  of  the  tongue. 

A  Hyoglossus  Preparation  is  made  by  cutting  off  the  whole  of 
the  lower  jaw,  inclu.iing  the  tongue  and  hyoid  cartilage.  Place  it 
on    the  myograph  board,  mucous  surface  upwards,   turn  the  tongue 


forwards,  and  connect  its  tip  to  the  lever  by  a  thread.  Firmly  fix  the 
hyoid  cartilage  by  running  a  pin  through  it  into  the  cork.  Two  needle 
electrodes  transfix  the  base  of  the  muscle  just  in  front  of  the  hyoid 

All  the  other  connections  are  the  same  as  when  studying  the  single 
contraction  of  the  gastrocnemius;  a  weight  of  5  or  10  grams  is  placed 
near  the  axis  of  the  lever.  ^ 

Compared  with  the  single  twitch  of  the  gastrocnemius,  that  -iven  by 
the  hyoglossus  (Fig.  36)  shows  the  following  differences  '  ■■  whole 
contraction  lasts  more  than  twice  as  long,  the  latent  pericd  ,  htlv 

onger  but  it  is  the  period  of  shortening  and  still  more  that  of  relaxa 
tion  which  IS  more  gradual  and  prolonged. 

Action  of  Veratrine.-A  brainless  frog  is  poisoned  by  injecting  into 
the  dorsal  lymph  sac  5  miain.s  of  a  saturated  (1  i„  lOt.)  solution 
of  veratrine  m  normal  tap-water  saline.     In  order  that  the  dru-r  may 
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be  rapidly  absorbed  it  ig  importo.  t  ,,ot  to  'pith'  the  frou    but  to 
destroy  its  cerebrum   with  a  pair  of  S,«ncer- Wells  pressure' »orcep« 
In  about  ten  minutes  it  will  be  observed  that  the  hind  leys  are  verv 
s  owly  and  imperfectly  flexe.I  after  a  jump,  and  a  few  minutes  I.ter 
the  frog  will  be  seized  by  a  spasm  when  it  jumps.     As  soon  as  these 


F..;.  3«.-C..„tr:ictlon  of  the  hyugl.,«u-  mu,.le.     Tin.e  ...arker.  100  ,K,r  «.o„d.    (A.  V.  It.) 

symptoms  appear  the  remaining  portions  of  the  central  nervous  system 
are  destroyed,  and  a  sciatic  a.i.l  gastrocnemius  preparation  made 

In  the  meantime  the  action  of  veratrine  may  he  studied  on  the 
hyoglossus  preparation  use.l  in  the  previous  experiment  Five 
mmims  of  the  veratrine  solution  a,,  ujected  into  the  lymph  sac 
•n  which  the  muscle  lies.  The  .Irum  is  arranged  to  revolve  at  a  slow 
rate  of  about  2  cm.  in  10  sees.,  and  a  simple  key  instead  of  the 
striker  of  the  drum  is  place.l  in  the  primary  circuit.  After  waiting 
a  few  minutes  the  muscle  is  stimulated  by  a  single  maximal  induction 


trine:-   Th7flm7^'.!°r,Lcif„r;h^^^^^^^  »'-•<■  ,The  effect  of  ven.. 

been^ed^to  one-haU  tl.e^^u^/r  ^  ^i^  l^^^l^S'iir^:;,,,;!^''  ^^Z^^ 

Shock,  and  its  contraction  recorded.     The  curve  shows  that  the  response 
(Frg."r?6')  '=""''""'="°"  '"'^'^  »"  enormously  prolonged  relaxation. 

Keplace  the  hyoglossus  by  the  gastrocnemius  and  sciatic  preparation 
and  stimulate  it  in  the  same  way.     As  soon  as  the  first  contraction 
IS  over,  the  muscle  ,s  stimulate.!  again,  and  so  on  for  half  a  do^en 
contractions.     It  will  be  seen  that  the  first  contraction  (Fig.  :}6)  con 
«8t8  of  a  smart  initial  twitch  followed  by  a  much  longer  contraction, 

shows'the'T    "7   ^"^^'"''"^    '"'''""■"^-     '"'"    ^^'^""'^    -"traction 
hows  the  same  characters  to  a  less  extent,  and  the  subsequent  con- 
tractions become  of  shorter  and  shorter  duration  until  they  reach  the 
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normal.  If  the  muscle  \te  allowed  to  rest,  the  veratrine  effect  returns 
again.  The  absence,  in  the  case  of  the  hyoglossus,  of  the  sharp 
initial  twitch  seen  in  the  gastrocnemius  contraction,  is  probably  due 
to  more  complete  poisoning  of  all  the  muscle- fibres.  The  gastroc- 
nemius is  more  bulky,  some  of  its  fibres  remain  un|x>i8oned  and  respond 
with  a  normally  rapid  contraction,  followed  by  the  slower  and  more 
prolonged  contruction  of  the  poisoned  fibres. 
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CHAPTER  V. 

THE  CONDITIONS   WHICH         ^^ECT  SINGLE  MUSCULAR 
C()NTKACTIo....-Co.NTi»i  ED. 

('■)  Temperature  — .Since  the  shortening  of  muscle  during  its  contrac- 
tion is  but  the  outward  and  visible  sign  of  chemical  changes  taking 
place  in  the  muscle,  it  is  not  surprising  that  changes  in  temperature 
should  grp^tly  affect  the  single  muscle-twitch. 

In  warm-blooded  animals  whose  bodily  temperature  does  not  undergo 
a  greater  variation  than  about  ■2°  C,  the  effect  of  different  temperatures 
on  muscular  activity  is  unimportant.  But  it  is  quite  otherwise  in  cold- 
blooded animals  whose  range  of  bodily  temperature  in  that  of  their 
external  medium.  In  them,  the  muscular  activity  of  which  they  are 
capable  at  any  moment  is  determined  largely  by  the  temperature  of 
their  muscles.  Again,  the  subject  becomes  important  for  warm-blooded 
animals  when,  from  any  cause,  their  bodily  temperature  is  materially 
altered,  as  it  may  be  by  disease.  These  abnormal  variations  in  their 
temperature  may  be  sufficiently  great  to  affect  the  muscular  activity  of 
which  the  animal  is  capable.  More  frequently,  however,  they  are 
important  because  of  the  effect  which  an  abnormally  high  bodily  tem- 
perature, especially  when  long  continued,  may  have  upon  the  actual 
chemical  constituents  of  muscle,  and  especially  upon  its  proteids. 

In  order  to  study  these  effects,  the  apparatus  is  arranged  to  stimulate 
a  muscle  with  single  maximal  induction  shocks,  using  the  "striker" 
of  the  drum,  in  thp  primary  circuit.  Either  a  hyoglossus  or  gastroc- 
nemius preparation  may  be  used ;  if  the  latter,  it  must  be  prepared 
without  a  covering  of  skin,  in  order  that  its  temperature  may  be  more 
readily  altered.  Also,  the  muscle  must  be  stimulated  directly  and  not 
through  its  nerve,  since  changes  of  temperature  affect  nerve  (see  p.  20). 
It  is  important  to  use  maximal  stimuli,  for  cold  increases  the 
excitability  of  muscle,  and  a  stimulus  which  is  minimal  at  5°  C.  will  be 
sub-minimal  at  25°.  The  lever  should  be  weighted  near  its  axis  and 
the  drum  should  revolve  at  a  rate  of  about  20  cm.  per  sec. 
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Cold  tap-water  saline  solution,  which  has  been  cooled  hy  ice  to  nearly 
0*C.,  is  slowly  poured  upon  the  muscle;  the  temperature  of  the 
solution  is  noted,  the  muscle  is  stimulated,  iu  contraction  recorded  and 
the  point  along  the  tracing  at  which  the  BtimulnH  was  sent  into  the  muscle 
is  marked.  Swing  the  writing  point  off  the  drum,  but  do  not  move 
the  base  of  the  stand  carrying  the  myograph.  Take  a  series  of  super- 
imposed curves  at  temperatures  of  about  T,  13%  23%  and  33°  C.  (Fig. 
38).  Sufficient  time  must  be  given  and  fluid  used  to  allow  the  bulk  of 
the  thick  gastrocnemius  to  attain  approximately  the  temi)erature  of  the 
saline  solution.     In  order  to  get  exact  result^  it  would  be  necessary  to 


„''°;  *^':Z"^.  *"""  °*  temperature  np.,n  the  contraction  of  the  gaatrocnemlii. 

t^""  '■  n^' *  •"'  '"  ""'"^  'fj*'  •*""'"'•    ""•  '"^•»"»  ""■""<« »-  r^  '  "m  riKh 

Phillip..)  ""'"'  *"        """P*~»""» "'  ""»  "'t  -«'"»'<•"■    (P^mbrey  and 

suspend  the  muscle  in  the  solution  at  a  given  temperature  until  its 
substance  had  attained  that  temperature. 

It  will  be  seen  that  cold  lengthens  the  whole  curve,  especially  the 
la  ent  period  and  the  phase  of  active  contraction ;  the  period  of 
re  axation  is  relatively  less  affected,  but  a  tendency  to  incomplete 
relaxation  is  often  seen.'  As  the  muscle  is  warmed,  the  liberation  of 
energy  becomes  more  and  more  rapid,  consequently  the  time  occupied 
by  the  whole  twitch  decreases  progressively,  and  especially  the  latent 
period  and  period  of  shortening;   the  passive  stage  of  relaxation  is 

■  Cooled  excised  muscles,  even  when  weighted,  are  linble  to  show  .a  'contrae 
ou..e„.au.der,    or  incomplete  return  to  their  former  length  after  contric  Ln 
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relatively  Ie«  shortened,  although  m„.cle  .loe.  .K,con.e  more  exten.ible 

a«  lU  temperature  rises  from  0°  to  30'  f  (Fig  -in) 

i.  Jot"ndL''r.^'7'"  tem,H.rature  and  the  height  of  th.  contraction 

of  the  contracfon  may  fall  .li^^htly.  an.l  for  tw..  reasons:  as  the  tern 
perature  increases,  the  irritaMlity  of  the  muscle  decre.«es ;  further 
other  thrngs  be.ng  e,ual.  the  more  slowly  a  muscle  contracts  the 
more  time  ,  has  to  shorten  up  as  much  as  it  will  i„  response  to  I 
men  .t.mulus  From  15"  to  25'  the  height  of  the  curve  rapidi; 
■ncreases;  th.s  ,s  largely,  if  „ot  entirely,  instrumental  in  origin  and  il 


due  to  the  fact  that,  as  the  liberation  of  energy  becomes  more  rapi,I 

Ztt.  f '7.J^«'-^«'  *»-  '"-eased  height  of  the  contraction  is  due^ 
not  to  a  greater  hberat.on  of  energy,  but  to  the  greater  rate  ai  which 
the  same  q.iant.ty  of  energy  is  liberated.  From  25'  to  35"  C  the 
•rruabihty  of  muscle  and  its  height  of  contraction  rapidly  fall 

.\ow  pour  on  some  solution  warmed  to  50"  C.     When  the  muscle- 
fibres   reach   a   temperature   of  about  40°  C.  they   undergo  a  ^I^d 

passes  into  the  permanent  shortening  of  •  heat-ri«<.r.      This  condition 
IS  due  to  coagulation  of  some  of  the  muscle  proteidZ  and  i      onsequerce 

li  irnSity:^^'"^^  '"''  '''''-'  ''^-'-  -'  '-  Per.„a.ent?y  Zt 
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CIIAPTKK    VI. 

THK  (ONIUTIOXS   WHICH   AKFKCT  SIXtiLK  MlstUiAH 
COXTKACTIONS    t'oNTiMKi.. 

(»/)  L«ad.— In  order  to  study  tlie  ctJert  of  variatioiw  iti  load  ii|h>ii 
a  single  nuiscular  contraction,   the  a, '-aratus  iM  arranged   for    '  niu 
lating   the   muscle  by  a  single   maximal   induction-«h(Kk,   tb      i  i. . 
being  placed  as  a  key  in  the  primary  circuit  and  arranged  to  rotuU'  . 
a  fast  rate.     Make  a  gastrocnemius-soiatic  or  hyoglossus  preparation. 


Kic.  40.-Thc  ellKt  of  IumI  upon  the  i-ontraction  of  the  jnwtrocneml.w  iimscle.    (A.l>.  II. ) 


Kiii^  41  I.S  the  cuntiniiation  of  the  BXjwriment  in  FiK.  40.     Shiale  onf  ictlnn.  ,.l  »(,,. 

Kecord  a  single  contraction  of  the  muscle  weighted  only  by  the  lever 
mark  the  latent  period  and  draw  a  base-line.  Then  hang  on  to  the 
ever  near  its  axis  weights  increasing  by  20  grams  at  a  time,  an.l 
tor  each  addition  of  weight  record  a  contraction.  The  base  .f  the 
stand  carrying  the  myogranh  .sho..,!d  not  he  moved  during  the  experi- 
ments, but  the  curves  should  be  superimposed  as  in  F-'s.  40  and  41 
i-^ch  increase  of  weight    stretches    the    mi.^  le,   consecjuently   it   is 
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necessary  to  bring  back  the  writing  point  accurately  on  to  the  base-line 
before  each  contraction  is  recorded. 

The  general  effects  to  be  noticed  are— that,  as  the  load  is  increased, 
the  latent  period  becomes  slightly  longer,  the  height  of  the  contraction 
generally  becomes  less,  the  rise  of  the  lever  during  the  period  of  active 
contraction  becomes  more  gradual,  and  the  period  of  relaxation,  which 
may  be  at  Srst  much  decreased,  gradually  lengthens  out  again. 

If  the  muscle  be  fresh  and  in  really  good  condition,  the  early  effect 

of  increasing  the  load  may  be  to  increase  the  height  of  the  first  few 

contractions  (Fig.  43).     This  stimulatory  effect  of  initial  tension  on  the 

power  of  a  muscle  to  liberate  energy  during  a  subsequent  contraction, 

IS  seen,   withm   certain  limits,  in  all   kinds  of  muscular  tissue  (see 

p.  40);  and  It  is  of  importance.      For,   in   the  body,   as  has  been 

already   pointed  out,    the  skeletal   muscles  are,  even  when   relaxed 

under  a  certain  tension  produced  by  the  pull  of  their  antagonists  and 

their  being  really  shorter  than  the  distance  between  their  points  of 

origin  and  insertion. 

But  when  we  study  the  work  done  by  the  muscle  during  a  series  of 
contractions  with  increasing  loads,  and  not  merely  the  height  of  the 
individual  contractions,  the  stimulating  effect  of  increased  load  is  much 
more  obvious.  After  the  tracing  has  been  varnished  and  dried 
measure  off  the  vertical  heights  of  the  curves  corresponding  to  the 
different  loads,  and  calculate  the  work  done  during  each  contraction 
(see  p  :d).  In  the  following  table  are  given  the  details  of  the  work 
done  during  the  contractions  recorded  in  Figs.  40,  41. 


Number  (in 
('i)ii  traction. 

!       Actu.il  Load 
1          in  grnis. 

Aetiml  Height 
of  Contraction 

Work  done  in 



ill  mm. 

gnu.  mm. 

20 

4 

1 

4 

16 

50 

10 

3-8 

an 

80 

iii 

:j-6 

r>7G 

100 

21) 

3-4 

6S 

130 

.30 

3  3 

90 

200 

40 

3-2 

128 

.SOO 

60 

•-'■8 

16S 

300 

1)10            1 

2() 

260 

It  Will  be  seen  that,  although  the  height  of  the  contraction  decreases 
as  the  load  increases,  the  work  performed  increases  throughout.  This 
process  of  course  has  limits,  which  will  be  dealt  with  on  p.  -'85  The 
important  deduction  to  be  made  from  these  results  is  that  muscle  as 
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a  machine  for  doing  work  is  found  to  have  its  output  of  energy 
regulated,  not  merely  by  the  strength  of  the  stimulus  reaching  it, 
but  also  to  a  large  extent  by  the  amount  of  work  it  is  called  upon  to 
do  (see  p.  285). 

Effect  of  Fatigue. — When  discussing  the  fatigue  of  muscle  it  is 
necessary  to  draw  a  distinction  between  the  fatigue  of  a  movement 
produced  by  the  voluntary  contractions  of  the  muscle  concerned  in  it 
(see  p.  305),  and  the  fatigue  of  a  muscle  caused  by  the  artificial  stimula- 
tion of  the  muscle  itself  or  of  the  nerve  supplying  it  (see  p.  306). 
Further,  in  the  second  case  there  is  a  marked  -lifference  in  the  effect  of 
continued  stimulations  on  a  muscle  whose  circulation  is  still  intact  (see 
p.  30M),  and  on  one  which  has  been  excised  from  the  body.  Here  we 
shall  deal  only  with  the  simplest  case  of  a  muscle  excised  from  the 
body  and  stimulated  directly  and  not  through  its  nerve,  in  order  to 
exclude  any  possibility  of  fatigue  of  nerve  or  of  nerve  endings. 

Prepare  either  a  hyoglossus  preparation  to  be  stimulated  by  two 
needle  electrodes,  or  a  gastrocnemius-sciatic  preparation  to  be  stimulated 
by  one  needle-electrode  and  by  fine  capillary  copper  wire  threaded 
through  the  tendo-Achillis,  as  the  other  electrode.  The  drum  is  placed  in 
the  primary  circuit,  so  that  each  time  it  revolves  the  muscle  receives  a 
maximal  make  induction-shock  ;  it  should  revolve  at  such  a  speed  that 
the  muscle  will  be  stimulated  once  or  twice  a  second.  Weight  the  muscle 
near  the  axis  of  the  lever,  using  20  grnis.  for  a  hyoglossus  and  50 
grms.  for  a  gastrocnemius  preparation.  With  the  Du  Bois  key  closed, 
describe  a  base  line  and  mark  on  it  the  point  at  which  the  stimulus  will 
enter  the  muscle.  Xow  open  the  Du  Bois  key,  allow  the  drum  to 
revolve,  and  record  the  first  contraction  and  every  tenth  or  twentieth 
subsequent  contraction.  For  this  purpose,  directly  the  first  contraction 
is  over,  the  writing  point  is  swung  away  from  the  drum,  which  goes 
on  revolving  and  causing  the  muscle  to  contract.  The  base  of  the 
stand  carrying  the  myograph  must  not  be  moved  so  that  for  each  con- 
traction the  point  of  entrance  of  the  stimulus  will  be  the  same.  The 
writing  point  should  be  a  fine  one,  otherwise  the  number  of  super- 
imposed curves  will  to  some  extent  obliterate  each  other. 

When  a  series  of  curves  taken  in  this  way  is  examined  (Fig.  43)  it 
is  seen  that  they  show  the  following  changes  as  fatigue  progresses, — - 
the  latent  period  becomes  slightly  longer,  the  shortening  of  the  muscle 
takes  place  more  slowly  and  reaches  its  maximum  more  gradually,  but 
the  actual  height  of  the  curves  does  not  begin  to  decrease  much  until 
the  other  features  of  fatigue  are  well  marked  ;  the  lengthening  out  of 
the  period  of  relaxation  is  the  most  marked  feature,  it  is  evident  from 
the  first,  and,  as  it  progresses,  a  '  contraction  remainder '  also  appears. 
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The  rate  at  which  fatigue  comes  on  in  a  muscle    under  the  above 
conditions  is  increased  by  raising  the  temperature  and  the  load. 

Another  method  of  studying  the  effects  of  fatigue  on  a  hyogloMus 
or  gastrocnemius  muscle  is  as  follows.  In  this  case  the  primary  circuit 
is  made  and  broken  by  hand,  and  the  contractions  are  recorded  as 
nearly  straight  lines  on  a  drum  revolving  at  the  slowest  possible  speed. 
The  secondary  coil  is  moved  up  to  the  primary  until  both  make  and 
break  shocks  are  maximal,  and  the  muscle  receives  a  stimulus  once 
every  5  sees.  In  this  way  Fig.  45  was  produced.  It  will  be  seen 
that  the  height  of  the  contractions,  after  remaining  fairly  constant  at 
the  beginning,  gradually  decreases  until,  at  the  end  of  15  minutes,  the 
muscle  was  incapable  of  lifting  the  load.  Further,  it  is  seen  that  in 
the  last  two-thirds  of  the  tracing  the  basal  points  of  the  twitches 
gradually  fail  to  reach  the  base  line,  thus  showing  a  'contraction 
remainder.'  If  the  muscle  had  been  stimulated  at  shorter  intervals, 
this  appearance  would  have  come  on  earlier ;  for,  as  soon  as  the  period 
of  relaxation  began  to  increase,  the  next  stimulus  would  have  reached 
the  muscle  before  there  had  been  time  for  relaxation  to  be  completed. 

If  the  muscle  be  allowed  to  rest  for  a  few  minutes  and  then  the 
stimulation  is  continued,  it  will  be  found  that  even  excised  muscle  is 
capable  of  slight  recovery  from  fatigue  (Fig.  4o). 

One  other  point  shown  by  Fig.  45  must  be  referred  to ;  the  'height 
of  the  first  twenty  twitches  increases,  showing  a  'stair-case'  effect. 
This  short  and  temporary  improvement  in  the  condition  of  muscle, 
brought  about  by  the  repetition  of  a  stimulus  of  constant  strength,  was 
at  one  time  thought  to  be  peculiar  to  cardiac  muscle  (see  Heart) ;  but 
although  shown  best  perhaps  by  the  heart,  it  is  also  shown  by  all  forms 
of  muscular  tissue. 


CHAPTER  VII. 
TWO  SUCCESSIVE  STIMULI.    GENESIS  OF  TETANUS.    TETANUS. 

When  a  second  stimulus  reaches  a  muscle  after  the  contraction  caused 
by  the  first  is  over,  the  muscle  responds  with  a  second  contraction 
similar  to  or  perhaps  slightly  higher  than  the  first  (see  rig.  45).  When, 
however,  the  second  stimulus  reaches  the  muscle  before  the  contraction 
caused  by  the  first  is  completed,  the  response  given  by  the  muscle  to 
the  second  stimulus  depends  upon  the  exact  phase  of  its  twitch,  in 
which  it  happens  to  be  when  the  second  stimulus  reaches  it. 
In  order  to  investigate  this  point,  arrange  the  drum  and  circuits  as 
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Fio.  40.— Effect  of  two  miccenlve  maximal  stimuli,  with  gradually  diminiihing 
intervals,  upon  the  gastrocnemius.    To  be  read  from  below  upwards. 

B.  Time  tracing,  oO  per  sec.  hi  t!ie  two  upper  curves  sre  shr.wn  'wtli  the  con- 
traction in  response  to  the  first  stimulus  alone  and  the  combined  contractions  caused 
by  the  two  successive  stimuli.    (M.8.P.) 

A.  Time  tracing,  100  per  sec.  Recorded  on  ft  drum  revolving  at  a  much  faster  rate. 
The  second  stimulus  was  sent  lu  well  within  the  latent  period  of  the  first.    (A.P.B.) 
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in  experiments  for  recording  a  single  maximal  contraction  on  a  rapidly 
revolving  drnm  (p.  24);  it  is  only  necessary  in  addition  to  place  a 
second  '  striker '  in  the  primary  circuit  through  the  drum.  If  the  rate 
of  revolution  of  the  drum  remains  constant,  then,  by  simply  altering 
the  angular  distance  between  the  two  '  strikers,'  a  second  stimulus  can 
be  sent  in  at  varying  intervals  after  the  first.  Make  a  gastrocnemius 
preparation  and  stimulate  it  either  directly  or  through  its  nerve.  Set 
the  drum  in  motion  and,  with  the  Du  Bois  key  open,  approximate  the 
'strikers'  until  the  muscle  clearly  to  the  eye  just  responds  with  a 
complete  contraction  to  each  stimulus.  Close  the  Du  Bois  key,  bring  the 
writing  point  on  to  the  bottom  of  the  drum,  describe  a  base  line  and 
mark  on  it  the  point  at  which  each  stimulus  enters  the  preparation ; 
then  open  the  key,  record  both  contractions,  and  close  the  key  again. 
Now  raise  the  myograph  until  the  writing  point  will  just  clear  the  top 
of  the  curves,  approximate  the  strikers  a  little,  and  again  record  the 
contractions,  after  marking  a  base  line  and  the  points  of  entrance  of 
the  two  stimuli.  This  process  is  repeated  until  the  '  strikers '  are  finally 
at  such  a  distance  apart  that  the  second  stimulus  falls  within  the  latent 
period  of  the  first. 

In  this  way  Figs.  46  A  and  B  were  obtained  It  shows  that  when  a 
second  maximal  stimulus  reaches  a  muscle  during  any  part  of  its  period 
of  relaxation  or  of  shortening,  the  rest  of  the  contraction  due  to  the  first 
stimulus  is  omitted  and  the  muscle  starts  oiT  on  a  fresh  contraction  in 
response  to  the  new  stimulus.  Since  the  second  contraction  may  be  as 
high  as  the  first  and  starts  with  the  writing  point  above  the  base  line, 
it  follows  that  the  height  of  the  second  twitch  above  the  abscissa  is 
greater  than  and  may  be  nearly  double  that  of  a  single  contraction ; 
in  other  words,  a  summation  of  contraction  has  taken  place.  If,  how- 
ever, the  second  stimulus  falls  within  the  latent  period  of  the  first,  then 
the  muscle  responds  by  a  contraction  only  to  the  first  stimulus 
(Fig.  46  A) ;  that  is,  the  muscle  is  refractory  to  the  second  stimulus 
so  far  as  its  being  able  to  respond  by  a  second  contraction  is  concerned ; 
therefore  in  skeletal  muscle  the  '  refractory '  period  corresponds  in  time 
to  the  latent  period  (cf.  the  'refractory'  period  of  cardiac  muscle, 
p.  64). 

Genesis  of  Tetanus. — In  order  to  study  the  response  of  a  muscle  to  a 
series  of  stimuli,  it  is  necessary  to  have  an  apparatus  which  will  auto- 
matically make  and  break  the  primary  circuit  of  an  induction  coil  at  any 
desired  rate. 

The  Tibrating  reed  is  a  convenient  form  and  consists  of  a  flat  steel 
spring  which  can  be  clamped  in  various  positions  along  its  length  ;  by 
altering  the  length  of  spring  which  is  allowed  to  vibrate,  the  number  of 
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vibrations  per  second  can  be  changed.     The  spring  has  numbers  sUmpeii 
on  its  upper  surface,  corresponding  to  the  position  at  which  it  must  be 
clamped  to  give  that  number  of  complete  vibrations  per  second.  The  free 
end  of  the  spring  carries  a  platinum  point  which  makes  and  breaks 
contact  with  a  mercury  cup  in  connection  with  the  primary  circuit 
(Fig.  47).    In  order  to  maintain  the  vibrations  of  the  spring  it  is  usual 
to  place  above  it,  and  ia  the  same  circuit,  an  electro-magnet,  so  that,  when 
the  spring  makes  contact  with  the  mercury,  it  is  attracted  out  of  the 
cup  again  by  the  magnet.     In  performing  a  complete  vibration,  the 
spring  will  both  make  and  break  the  primary  circuit  and,  in  order  that 
the  two  stimuli   may  not  cause   contractions  of  unequal  height,  the 
secondary  coil  must  be  so  placed  that  either  the  make  shock  is  just 
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Fio.  47.— Diagram  of  the  vibrating  retd  in  circuit. 

ineffective,  in  which  case  the  number  of  effective  stimuli  per  sec.  will  be 
the  same  as  the  number  of  complete  vibrations  of  the  spring,  or  the 
make  and  break  shocks  are  made  equal  and  maximal,  in  which  case  the 
number  of  contractions  per  sec.  will  be  double  that  of  the  complete 
vibrations  of  the  spring. 

Place  the  vibrating  reed  in  the  primary  circuit  so  as  to  give  10  effective 
stimuli  per  sec.  Make  a  gastrocnemius  and  sciatic  preparation,  with  the 
Du  Bois  key  closed,  set  the  spring  vibrating  and  bring  the  writing 
point  of  the  myograph  on  to  the  surface  of  the  drum,  rotating  at  a  slow 
rate,  about  3  to  4  cm.  per  sec.  ;  open  the  Du  Bois  key  and  record 
the  contractions  for  about  1  sec.  Stop  the  drum,  adjust  the  spring  to 
give  20  effective  stimuli  per  sec,  and  record  the  contractions  as  before. 
Repeat  again  with  30  stimuli  per  sec.  Then  remove  the  vibrating  reed 
from  the  primary  circuit,  connect  the  battery  with  the  coil  so  as  to  set 
the  Wagner's  hammer  vibrating,  and  record  the  contraction  of  the  muscle 

for  a  few  seconds. 

Since  each  twitch  of  a  gastrocnemius  at  20*  C.  lasts  about  ^Vth  sec,  a 
muscle  at  that  temperature  could  just  respond  without  any  summation 
to  10  stimuli  per  sec.  If,  however,  the  muscle  is  colder  or  fatigued,  and 
each  contraction  therefore  lasts  longer,  with  10  stimuli  per  sec,  some  slight 
summation  may  be  seen,  i.e.  relaxation  is  not  complete  before  the  next 
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contraction  begins,  and  the  line  joining  the  apices  and  basis  of  the 
successive  contraction  ascends  slightly.     With  20  stimuli  per  sec.  the 
summation  and  fusion  of  each  individual  contraction  is  more  complete  i 
but  the  apex  of  each  individual  contractive  will  probably  still  be  seen  : 
the  curve  is  therefore  one  of  incomplete  ♦^tanus  (Fig.  48).     With  30 
stimuli  per  sec.  fusion  may  be  complete  from  the  first,  i.e.  complete 
teUnus,  or  if  net  complete  at  first,  it  gradually  becomes  so.    This 
gradually   increasing   fusion    (Fig.  48)    is  really  due  to   fatigue :   for 
the  period  of  relaxation  of  the  individual  contraction  tends  to  become 
longer  and  longer,  and  therefore  the  next  stimulus  reaches  the  muscle 
progressively  earlier  in  each  individual  twitch,  until  a  point  is  reached 
in  which  there  is  no  time  for  the  muscle  to  begin  to  relax  between  the 
stimuli,  and  fusion  becomes  complete.  With  the  Wagner's  hammer,  which 
causes  the  muscle  to  receive  50  or  more  stimuli  per  sec,  fusion  is  com- 
plete from  the  first     One  other  point  is  to  be  noted  in  nearly  all  these 
curves  :  at  first  the  rise  in  the  lever  is  very  rapid,  then  it  suddenly 
becomes  more  gradual,  but,  even  when  fusion  has  been  complete  from 
the  first,  the  lever  may  still  rise  slowly  for  a  short  time  until  the  muscle 
has  reached  the   utmost  shortening  of  which   it  is  capable.     If  the 
stimulation  is  still  continued,  this  height  may  be  maintained  for  a  short 
time,  but  sooner  or  later  the  lever  will  begin  to  drop,  showing  the  onset 
of  marked  fatigue.     In  all  cases  when   the  stimulation  ceases,  the 
relaxation  is  at  first  extremely  rapid,  then  becomes  more  gradual  and  a 
•  contraction-remainder '  varying  in  extent  according  to  the  degree  of 
fatigue  is  generally  seen. 

The  same  experiments  may  be  performed  with  a  hyoglossus  prepara- 
tion. This  muscle,  however,  being  of  the  'granular'  variety  and 
having  a  contraction  which  lasts  twice  as  long  as  that  of  the  '  clear ' 
gastrocnemius  (see  p.  30),  is  sent  into  complete  tetanus  with  half  the 
number  of  stimuli,  i.e.  about  15  per  sec. 
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CHAPTER  VIII. 
THE  PROPERTIES  OF  NERVE,  MINIMAL  AND  MAXIMAL  STIMULL 

A  NERVE  is  not  a  unit ;  it  is  that  branch  of  a  nerve-cell  which  conducts 
an  impulse  to,  or  from,  the  periphery.  A  nerve-cell  with  its  dendrites 
and  axis-cylinder  process  or  axon  forms  a  unit,  the  neuron.  It  is  con- 
venient, however,  to  examine  the  characteristics  of  a  nerve  apart  from 
its  nerve-cell.  The  chief  of  these  are  excitability  and  conductivity. 
Excitability,  or,  as  it  is  sometimes  called,  irritability,  is  the  response  to  a 
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•timnliu;  a  nervous  impulie,  the  real  nature  of  which  i«  unknown, 
it  started  at  the  point  stimulated,  and  is  transmitted  or  conducted 
along  the  nerve. 

Nerves  can  be  stimulated  by  electrical,  mechanical,  chemical  or 
thermal  agents ;  of  these  the  most  important  in  experimental 
physiology  is  the  electrical,  for  it  can  be  finely  graduated,  is  of 
extremely  short  duration,  and  can  be  applied  repeatedly  without 
damage  to  the  nerve.  The  first  experiments  will  therefore  be  the 
electrical  stimulation  of  nerve. 

The  Electrical  Stimulation  of  Nerre. — An  induction-apparatus  is 
arranged  for  single  induction-shocks,  and  a  simple  pair  of  electrodes 
is  connected  with  the  secondary  coil  by  means  of  a  Du  Bois  key.  A 
preparation  of  the  sciatic  nerve  in  its  entire  length  and  of  the  gastroc- 
nemius muscle  of  a  pithed  frog  is  made,  and  near  the  origin  of  the 
nerve  is  applied  the  pair  of  electrodes. 

On  the  passage  of  an  induction-current  through  the  electrodes  the 
nerve  is  stimulated,  and  an  impulse  is  sent  down  the  nerve,  reaches 
the  muscle,  and  causes  it  to  contract.  This  is  indirect  stimulation  of 
the  muscle,  and  is,  if  a  weak  current  be  used,  not  due  to  an  escape 
of  the  electric  current  along  the  nerve  towards  the  muscle.  This  is 
proved  by  the  following  experiment.  A  moistened  thread  is  tightly 
tied  round  the  nerve  at  a  point  between  the  electrodes  and  the  muscle. 
The  passage  of  a  weak  induction-current  of  the  same  strength  as  that 
previously  used  will  stimulate  the  upper  portion  of  the  nerve,  but  the 
nervous  impulse  will  not  pass  through  the  block  produced  by  the 
thread.  A  breach  in  the  physiological  continuity  has  been  produced, 
and  the  nervous  impulse  is  not  conducted  through  the  ligatured  nerve. 
The  moistened  thread  would  not  prevent  the  passive  of  a  purely 
electric  current. 

The  response  of  the  nerve  to  a  stimulus  bears  within  certain  limits 
a  relation  to  the  strength  of  the  stimulus.  This  can  be  shown  by  the 
following  experiment. 

May<m>i  and  Minimal  Stimuli. — The  muscle  of  the  preparation 
is  attached  to  a  myograph,  the  lever  of  which  is  arranged  to  write 
upor.  a  drum  covered  with  smoked  paper.  The  electrodes  are 
placed  between  the  muscle  and  the  ligatured  portion  of  the 
nerve  which  was  used  in  the  previous  experiment.  The  induc- 
tion shock  is  made  so  weak  that  no  response  is  obtained,  and 
is  then  gradually  increased  until  a  contraction  is  obser\'ed  with  the 
break-shock.  Contractioi  does  not  follow  each  break-shock;  the 
stimulus  is  subminimal.  The  contraction  is  recorded  as  a  vertical 
line  upon  the  stationary  drum,  and  before  each  stimulation  the  drum 
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it  turned  by  hand  about  half  »n  inch.  The  »trength  of  the  current 
it  ilowly  increued  until  a  small  contraction  follow*  each  break.hock ; 
this  i«  the  Minimal  aUmulus.  The  diatance  in  centimetrea  of  the 
secondary  from  the  primary  coil  is  noted  upon  the  dnim.  The  make- 
.hock  ia  weaker  than  the  break,  so  that  it  is  necessary  to  use  only 
the  one  or  the  other  in  this  experiment 

The  intensity  of  the  current  is  still  further  increased  until  the  most 
powerful  contraction  of  the  muscle,  as  indicated  by  the  height  of  the 
Zu\y  vertical  lines  upon  the  drum,  is  obUined;  the  stimulus  >s  now 
maximal.  Any  further  increase  in  the  strength  of  the  stimulus  » 
not  accompanied  by  a  bigger  contraction ;  a  supm-maxtrntil  stimulus 
only  produces  a  maximal  contraction,  and  is  liable  to  damage  the  nerve. 
It  may  be.  .3  Gotch  has  recently  suggested,  that  the  difference 
between  maximal  and  minimal  stimulation  depends  upon  the  number 
of  the  constituent  fibres  of  the  nerve  stimulated.  A  weak  electnc 
current  may  affect  only  a  few  fibres,  and  therefore  the  result  will  be 
only  a  slight  contraction,  due  to  the  excitation  of  those  muscle-fibres 
alone  which  are  supplied  by  the  nerve-fibres. 

It  will  be  found  that  the  excitability  of  the  nerve  changes,  so  that 
with  the  same  strength  of  stimulus  there  will  not  be  the  same  minimal 
point.  A  loss  of  excitability  readily  occurs  if  the  nerve  be  allowed 
to  dry,  but  during  this  process  there  may  be  irregular  fluctuations 
in  the  excitability  of  the  nerve  above  and  below  the  normal. 

Mecbuiical  Stimulation  of  the  nerve  can  be  .!  ^  n  by  pinching  the 
nerve  with  a  pair  of  forceps ;  the  muscle  contracts,  showing  that  a 
nervous  impulse  was  produced.  Such  a  method,  of  stimulation  injures 
the  nerve,  but  by  means  of  simple  arrangements  a  nerve  can  be 
stimulated  mechanically  without  damag.  A  light  hammer  worked 
by  an  electro-magnet  may  be  used  to  tap  the  n.  .ve,  or  small  drops 
of  mercury  from  a  funnel  may  be  allowed  to  fall  upon  the  nerve. 
Such  methods  are  useful  in  experiments  in  which  an  electrical  stimulus 
might  introduce  a  source  of  fallacy,  but  for  ordinary  experiments 
they  are  undesirable,  since  there  is  a  difficulty  in  maintaining  a 
constant  strength  of  stimulus,  and  there  is  a  danger  of  damage  to  the 

""^ennal  Stimulation  is  next  shown  by  the  application  of  a  hot  wire 
to  the  nerve.  The  muscle  contracto.  The  damaged  portion  of  the 
nerve  .s  cut  away,  and  to  the  end  of  the  living  nerve  is  apphed  a 
crystal  of  common  salt;  the  muscle  soon  shows  irregular  twitches  due 
to  the  chemical  stimulation  of  its  nerve.  Such  forms  of  stimuli  are 
obviously  limited  to  special  experimente,  for  the  stimulus  is  not  easily 
graduated  and  damages  the  nerve. 
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CHAPTER  [X. 
THE  RELATION  BETWEEN  MUSLi^E  ANI>  NKRVE. 

The  motor  nerves  by  means  of  their  end-plates  are  so  intimately  con- 
nected with  the  muscle-fibres  that  it  is  impossible  to  stimulate  the 
muscle-substance  alone  by  the  direct  application  of  a  paii  electrcles 
to  the  intact  mui>cle.  The  question,  therefore,  arises  whether  muscle 
possesses  iiidtpendent  exritahility,  whether  it  can  respond  to  a  stimulus 
without  the  intervention  of  its  nerve.  The  development  of  muscle 
from  protoplasm,  which  is  contractile  and  excitable  although  possessing 
no  nerves,  would  suggest  that  muscle  itself  is  excitable  and  can  respond 
to  a  stimulus.  This  can  be  shown,  for  the  fully  developed  musclt  after 
its  nerve  has  been  paralysed  by  the  action  of  a  drug. 

Onrare  is  an  alkaloid  used  as  an  arrow-poison  by  some  natives  of 
South  America.  The  following  experiments  show  that  it  paralyses  the 
terminations  of  the  motor  nerves,  but  that  the  muscle  still  I'^sponds  to 
direct  stimulation  : 

(i)  Two  watch-glasses  ' .  e  almost  filled  with  a  1  per  cent,  solution  of 
curare  in  normal  tap-water  saline.  Two  muscle  and  nerve-preparations 
are  made,  care  being  taken  to  bisect  the  lower  portion  of  the  vertebral 
column  and  thus  obtain  the  entire  length  of  the  sciatic  nerve.  The 
excitability  of  the  nerve  and  of  the  muscle  in  the  case  of  each  preparation 
is  tested  by  the  determination  of  the  minimal  stimuli.  Then  the  nerve 
of  preparation  A  is  placed  in  one  watch-glass  full  of  the  poison,  but  its 
muscle  is  left  outside  upon  a  piece  of  filter-paper  moistened  with  normal 
tap-water  saline.  The  gastrocnemius  muscle  of  the  preparation  B  is 
placed  in  the  solution  of  the  drug  and  its  nerve  upon  the  damp  filtp- 
paper  (Fig.  50).  Stimulation  of  the  nerve  B  will  soon  produce  uo 
contraction,  even  if  the  strongest  induction-shocks  be  used ;  on  ttt* 
other  hand,  an  examination  of  the  ner  \  will  show  th't  its 
excitability  has  practically  undergone  no  decrease.  Stimulation  oi  ^» 
muscle  B  which  has  been  exposed  to  the  action  of  the  drug  readuy 
products  a  contraction.  The  poison,  theref'ort  must  act  upoi  ih.-.-  e 
portion  of  the  terminations  of  the  nerves,  probably  upon  the  eod- 
plates,  for  both  muscle-substance  and  nerve-trunk  rt^tain  their  ex  la- 
bility even  after  long  exposure  to  the  drug. 

Muscle  will  coutract  on  direct  stimulation  even  after  its  nerves  ha.  e 
degenerated.  This  experinieiil,  however,  is  not  suitable  ibr  a  class,  i-.*r 
it  would  be  necessary  to  kee[)  the  animal  alive  for  t  vo  or  three  weeks 
in  order  that  the  nerve-fibres  might  completely  degenerate 
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A  further  »jxperim«nt  with  curnr*-  out  he  toadt. 
hemispheres  of  a  fnv    ftr«  destmye*!.  and  thcs.  thf  - 
carefully  exposed  in  .  i<h  thigh     »  si  ong  ligature  i» 
sciatic  nerve  of  one  sidt .  A,  ami  is  tif    tightly  a>  ouimI 
of  the  thigh  except  the  n«Tve.    Th*-  cir-  ulation  of  the  bi 
pletely  stopped  in  the  »tructin«.*  Iieli.     the  U'-     ure. 
either  sciatic  nerve  produ.  -<  a  ..miraet'jn  of  u.      nusclt- 
spondingleg.     Under  th«     .in  ot  th.     ^ck  of  t  .,     rt^  ar      njected  two 
or  three  tlrops  of  a   1   \,  •     ent  r    »n   "'     'irare.      1    <•  poitton   is 
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y).-lJt««  sill  <>( : 


perimwit  ■,!!  tb<!«cti"ii  nfetirarc. 


ai<:-!»rl>eti  by  th-   "lo.     ve-vfels  ant 
exct'Dt  those  beliiw     le  ligatur- 
lies  in  a  toneless  v.v  (iition  and  « 
Stinii     tion  of  the  sciatic  nerve  p 
leg,  A.  I  contract'on  of  the  muscle.' 


cin     ated  in  all  parts  of  the  b"uy 

r'aralvais  is  pro<luced,  and  the  frog 

nove  if  its  toes  be  pinched. 

ti  '.H  in  the  case  of  the  ligatured 

,  bu    in  the  case  of  the  other  leg,  6, 


no  couiraction  ot    irs.     The  muscles,  however,  of  the  leg,  B,  contract 
on  direct  stiuiula      n. 

Botf   ner  t■^        iieir  upper  portions  have  been  exposed  to  the  poison, 
e  'e*.  ot   .joth  legs  respond  to  direct  excitation,  but  the  ligatured 

J  I  iidirect  stimulation.      The    ligature  has  prevented  the 

iching  the  terminations  of  the  nerves  inside  the  muscles. 
e  terminations  that  the  curare  acts, 
ndent  excitability  of  muscle  can  also  be  shown  in  the  case 
iscle.     The  apex  of  the  ventricle  of  the  frog's  heart  con- 
fibres,  but  it  responds  to  a  stimulus,  and  under  appropriate 
dl  even  contract  rhythmically. 
Further  experiments  upon  the  independent  excitability  of  muscle  are 
iven  in  the  advanced  part  of  the  course. 
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CHAPTER  X. 

THE  EFFECT  OF  A  CONSTANT  CURRENT  UPON  MUSCLE  AND 

NERVE. 
MUSCLE  and  nevve  consist  of  complex  chemical  substances  and  con- 
tain  about  70  per  cent,  of  water  in  which  various  salts  are  dissolved. 
Moreover  they  are  bathed  in  lymph. 

The  passage  of  a  constant  current  through  a  liquid  produces  electro- 
lysis;  thus,  in  the  case  of  water,  oxygen  is  given  off  at  one  pate, 
hydrogen  at  the  other.  Animal  tissues,  containing,  m  addition  to  a 
large  percentage  of  water,  salts  and  proteids,  are  also  the  seat  of  electro- 
lysU  during  the  passage  of  a  constant  current ;  the  ions  are  Probably  of 
a  complex  nature.  These  changes  in  nerve  and  muscle  are  shown  by 
alterations  in  excitability  and  conductivity. 

These  it  is  necessary  to  consider  in  relation  to  the  changes  which 
occur  at  the  anode  and  kathode  during  the  make  and  break  of  the 
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FK..  H.-Di.«ru.„  o(  the  frogs  heart  to  "^o J  ^he  eff«ta of  t^^^^^-'i.'''^^, 

of  a  con.U.U  current  i.p<m  ™"»=1«-      '"  *  '^L^t  the  "'^«^  *"**  "n«">t™«t«<l 
.„d  contracted,  »^th»  small  .haded  areato  re^nt  ^^^^^^^ 

portion  of  the  ventricle ;_  tli-itja,_a_^«»i  atM^i^^  ^^  ^^b  »^^  ^^  ^^^  kathode  of 


portion  of  the  ventricle ;  thutU    a  loa.  au»»«uur^j^^B  »^--     ^-^  ^ 
condition  can  be  produced  by  the  make  of  "««  anode  or  ine    r»  ^  ^^^^^ 

a  constant  current.     In  B  'h«  Jf  Ji"^"'*, JL' ,  ^fcle  durin^^^  diastole.    ti.U 

''"".l?^rSSr^tnZ^''^yr  miuS  Xhe-^J^J^'or  th*e?realc  of  the  anode. 


condition  i 


constant  current.     The  simplest  experiment  can  be  made  upon  the 

frog's  heart.  _      .    «    _i      tu^ 

Th«  Effects  of  Anode  and  Kathode  upon  the  Frogs  Heart—The 
brain  and  spinal  cord  of  a  frog  are  pithed  and  then  the  heart  is  exposed. 
Care  should  be  taken  to  avoid  the  severance  of  large  Wood;;;^«««l«  '^ 
ord«r  that  the  vascular  system  may  be  well  filled  with  blood.  The 
pericardium  is  opened  and  the  heart  is  observed  ;  the  ventricle  during 
systole  is  pale  owing  to  the  contraction  of  its  muscle  fibres  forcing  out 
the  blood  from  its  spongy  walls ;  during  diastole,  when  the  muscle  is 
relaxed  the  ventricle  is  flushed  owing  to  its  distension  with  blood. 
There  are  no  blood-vessels  in  a  frog's  cardiac  muscle. 
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The  ends  of  two  pieces  of  ordinary  insulated  wire  are  well  cleaned 
and  are  connected  with  a  Daniell  battery  ;  the  clean  free  ends  of  the 
wires  are  bent  back  so  that  there  will  be  smooth  stirfaces  to  apply  to 
the  heart.  The  wire  connected  with  the  copper  of  the  battery  is  the 
anode,  that  with  the  zinc  is  the  kvilwde. 

In  the  frog's  mouth  is  placed  the  kathode,  for  there  good  contact  is 
obtained  with  a  moist  conductor ;  the  anode  is  placed  upon  the 
ventricle.  Now  it  will  be  found  that  during  the  systole  of  the 
ventricle  that  portion  of  the  muscle  w*  th  is  around  the  anode  will 
be  flushed,  uncontracted,  and  bulging  outwards— <A«  anode  at  the  milx 
of  the  cirniit  produces  a  local  diastole  during  general  si/sf  'e  (Fig.  .')1  A). 
The  rhythmic  power  of  the  cardiac  muscle  around  the  anode  is 
diminished,  so  that  it  remains  uncontracted. 

If  now  the  wire  be  suddenly  removed  from  the  heart,  the  break 
of  the  anode  causes  an  increased  excitability  of  the  muscle  to 
which  it  had  been  applied,  there  is  a  local  pallor ;  the  cardiac  muscle 
is  here  contracted  during  the  general  diastole  of  the  heart.  The 
br<ak  of  the  anode  produces  a  loral  sijstole  during  a  general  diastole. 

The  kathode  is  now  applied  to  the  heart  and  the  anode  is  placed  in 
the  frog's  mouth.  There  is  produced  a  locul  systole  during  the  general 
diastole  of  tlw  heart.  The  kathode  increases  the  excitability  of  the 
cardiac  muscle,  and  thus  the  fibres  afiiected  remain  contracted.  The 
end  of  the  wire  is  kept  in  contact  with  the  ventricle  for  about  a 
minute  and  is  then  suddenly  removed ;  a  flushed  and  bulging  spot  will 
indicate  the  region  to  which  the  wire  ha<l  been  applied.  The  break  of 
the  kathode  jrroduces  a  loral  diastole  during  general  systole,  for  the  dis- 
appearance of  the  condition  of  katelectrotonus  is  accompanied  by  a  fall 
in  excitability. 

This  simple  experiment  shows  that  the  make  of  the  kathode  and  the 
break  of  the  anode  excite,  that  the  make  of  the  anode  and  the  break  of 
the  kathode  depress.  This  is  also  true  in  the  case  of  nerve.  (See 
Advanced  Course,  Part  III.) 


CHAPTER  XI. 

THE  ELECTROMOTIVE  PROPERTIES  OF  MUSCLE  AND  NERVE. 

In  uninjured  and  resting  muscle  and  nerve  there  is  no  electric  current, 
but  during  activity  a  current,  the  'current  of  action,'  is  produced. 
Injury  causes  local  activity  around  the  damaged  tissue,  and  is  there- 
fore accompanied  by  an  electric  current,  the  so-called  '  demarcation  or 


52  PRAtTKAL   FHYSIOUMiY 

i,nury.current:  This  electrical  cum  U  produced  by  inj«ry  i«.  as  dotch 
i^o^,  to  be  considered  as  a  rnrr^U  of  .utum.  These  facts  can  be 
demonstrated  by  the  following  experiments.  ^,„„  ^th«iit 

The  Rheoscopic  Prog.  (Hdvaid'.  Experiment,  Contraction  without 
MetoL.-A  long  length  of  the  sciatic  nerve  is  dissected  m  a  ^thed  ^'^g 
and  the  musclef  of  the  thigh  are  exposed  and  cut  acros.  The^  ^nk  o 
the  sciatic  nerve  is  laid  along  the  longitudinal  surface  of  ^l^^^'""^^^ 
the  thigh,  and  then  by  raising  the  end  of  the  -^^J^^^^lfZ  ct 
the  transverse  section  of  the  nerve  .s  allowed  to  fall  upon  the  ut 
surface  of  the  muscles  (Fig.  52).      At  this  moment  a  twitch  of  the 


Fin.  62.  -DLmrani  of  GuWani  h  experiment.    Contraction  without  metal.. 


muscles  of  the  leg  moves  the  foot  or  toes.  The  circuit  of  the  electnc 
current  in  the  muscle  has  been  completed  through  the  nerve.  Ibe 
section  of  the  muscle -fibres  has  produced  a  local  contraction  of  the 
fibres,  and  this  is  accompanied  by  an  electrical  change  which  is 
sufficient  to  produce  exciUtion  when  it  is  passed  through  an  excitable 

"''icondary  Contraction  or  Secondary  Twitch.-Two  muscle-  and 
nerve-preparations  are  made;  the  nerve  of  A  is  so  placed  upon  the 
muscle  B  that  the  cut  surface  of  the  nerve  lies  upon  the  tendon  and 
its  longitudinal  surface  upon  the  muscle-fibres  (Fig.  53).  The  nerve 
of  preparation  B  is  stimulated  \>y  a  weak  induction-shock,  and  thus  its 
muscle  is  excited  and  -^le  to  contract;  the  muscle  A  will  also 
contract.  The  contraction  of  the  muscle  B  is  accompanied  by  an 
electrical  current,  the  ^current  of  actim,'  which  passes  through  the 
nerve  A  and  thus  produces  a  contraction  in  the  muscle  A.  Ihw  w 
not  dae  to  an  «M^  of  electrical  current  from  the  electrodes,  for  a 
twitch  can  be  obtained  if  mechanical  or  thermal  stimuh  be 
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used  to  excite  the  nerve  of  preparation  B.  Further,  ligature  of  the 
nerve  B  with  a  moist  thread  will  show  that  there  is  no  escape  with 
a  weak  induction-shock;  the  ligature  destroys  the  physiological 
continuity  and  prevente  the  passage  of  the  excitatory  sUte  but  not 
that  of  an  electrical  current. 


Fill.  M.— Diagram  of  the  experiment  on  secondary  twitch. 

Secondary  Tetanus.— If  the  nerve  he  stimulated  with  a  rapid  series 
of  induction-shocks  the  muscle  B  goes  into  tetanus  and  its  ^omrntx  of 
mtioii '  stimulate  the  nerve  A,  with  the  result  that  the  tetanus  is  also 
observed  in  the  muscle  A.  This  '  secondary  tetanus '  can  be  produced 
by  rapid  mechanical  stimuli. 

Further  experiments  upon  the  electromotive  properties  of  muscle 
and  nerve  are  given  in  the  Advanced  Course  (page  3.*J1). 


CIRCULATION.  REh^>l  RATION,  AND  ANIMAL  HEAT. 

CHAPTER  XIL 

THE  ANATOMY  OF  THE  FROG'S  HEART  AND  ITS  CONTRACTION. 

Anatomy  of  the  Frog's  Heart.— At  the  mid  point  of  a  horizontal 
line  drawn  through  the  posterior  margin  of  the  eyes  a  blanket  pin  is 
passed  through  the  skull  of  a  frog,  and  the  cerebrum  destroyed.  To 
prevent  bleeding  the  hole  is  plugged  with  a  piece  of  lucifer  match  cut 
to  a  blunt  point  The  cerebrum  can  be  destroyed  equally  well  by  the 
application  of  a  strong  pair  of  Spencer- Wells  forceps  to  the  skull.  The 
medulla  oblongata  and  spinal  cord  are  left  intact,  so  that  the  vasomotor 
control  continues  and  the  circulation  is  unimpaired.  The  frog  is  pinned 
on  the  cork  plate  belly  uppermost.  The  skin  over  the  abdomen  is 
pinched  up  and  slit  up  to  the  mouth.  The  abdominal  wall  is  then 
divided  slightly  to  one  side  of  the  mid-line  to  avoid  cutting  the  anterior 
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abdominal  vein.  By  a  transverse  cut  the  xiphisternum  is  divided  and 
the  junction  of  the  anterior  abdominal  vein  with  the  heart  preserved. 
The  pectoral  girdle  is  next  divided  in  the  middle  line.  The  inner 
blade  of  the  scissors  is  kept  hard  against  the  sternum  to  avoid  injuring 
the  heart  beneath.  The  divided  halves  of  the  pectoral  girdle  are  pulled 
widely  apart.  The  heart  is  now  seen  enclosed  in  a  thin  membrane — 
the  pericardium.  This  is  picked  up  with  forceps  and  slit  open.  A 
slender  band  of  connective  tissue— the  fraenum— connects  the  posterior 
surface  of  the  heart  with  the  pericardium.  A  thread  is  passed  under 
the  fraenum  with  fine  pointed  forceps  and  tied.  The  fraenum  is  then 
divided  on  the  side  of  the  thread  remote  from  the  heart. 


li 


OtPUfCU.A 


Fio.  i'.4,-Tlie  frog's  heart.    A,  Anterior  view;    H,  Posterior  view 
section.    (Hud«:«,) 


C,  Longitudinal 


By  means  of  the  thread  the  heart  can  be  lifted  up  and  turned  over 
for  examination.  In  the  front  aspect  of  the  heart  a  single  blunt  pointed 
ventricle  is  seen  with  the  bulbus  arteriosus  and  the  two  auricles — the 
bulbus  ascends  over  the  right  auricle  from  right  to  left.  It  separates 
into  two  aortae.  Each  aorta  is  divided  by  longitudinal  septa  into  three 
channels  which  soon  separate  and  become  the  carotid,  the  aortic,  and  the 
pulmono-cutaneous  arches.^  The  auriculo-ventricular  groove  separates 
the  auricles  from  the  ventricle.  On  turning  the  heart  over  the  sinus 
venosus   is   seen,   and   the   white   crescentic   line    which   marks    the 

'  The  frog  respirra  both  by  skin  and  lungs. 
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junction  of  the  sinus  with  the  right  auricle.  Entering  the  sinus  from 
below  is  a  large  vein,  the  vena  cava  inferior,  into  which  open  the 
hepatic  veins.  Above  there  enter  the  two  smaller  superior  venae 
cavae.  These  are  seen  on  gently  displacing  the  auricles.  The  small 
pulmonary  veins  enter  the  left  auricle. 

The  Contraction  of  the  Heart.— The  venae  cavae  and  sinus  beat  first, 
then  the  auricles,  and  lastly  the  ventricles  and  bulbus  arteriosus.     The 
blood  is  returned  from  all  parts  of  the  body  to  the  sinus  venosus, 
whence  it  passes  to  the  right  auricle.     From  the  pulmonary  veins  the 
blood  passes  into  the  left  auricle.     The  two  auricles  simultaneously 
contract  and  expel  the  blood  into  the  ventricle.    The  two  blood  streams 
do  not  readily  mix  in  the  ventricle  owing  to  the  muscular  meshwork 
within  ite  cavity.     When  the  ventricle  contracts  the  venous  blood  on 
the  right  side  is  the  first  to  enter  the  bulbus  arteriosus.     It  is  directed 
by  a  spiral  valve  within  the  bulbus  into  the  pulmono-cutaneous  arteries. 
The  spiral  valve  is   then  driven  over  and  closes  the  orifice  of  the 
pulmono-cutaneous  arch,  and   the  blood  (partly  arterial  and   partly 
venous)  now  passes  into  the  systemic  or  carotid  arch.     The  resistance 
is  least  in  the  systemic  arch,  so  most  of  the  blood  at  first  takes  this 
pathway.     Finally,  as  the  pressure  increases  in  the  systemic  arch,  the 
pure  blood  from  the  left  side  of  the  ventricle  u  expelled  into  the 
carotid  artery.     Between  the  auricles  and  ventricle  there  hangs  the 
auriculo-ventricular  valve.    The  bulbus  arteriosus  contains  two  sete  of 
pocket-shaped  valves  in  addition  to  the  longitudinal  spiral  valve. 

The  ventricle  becomes  smaller,  harder,  and  pale  in  colour  during 
systole,  as  the  blood  is  driven  out  of  the  muscular  sponge-work  of 
which  it  is  composed.     It  i-eddens  in  diastole.     Count  the  beats  per 

minute. 
The  TiBBue  of  the  Heart  possesses  Atttomatic  Rhythmic  Power.— 

Excise  the  heart,  cutting  widely  rouml  the  sinus  venosus,  and  place  it 
in  a  watch  glass.  Note  the  immediate  efl'ect  and  the  after  effect 
on  the  rhythm.  The  beats  may  at  first  intermit  and  then  become 
more  frequent,  but  quickly  settle  down  to  about  the  same  rate  as 
before. 

The  Effect  of  Temperature  on  the  Ehythm.— Pour  on  the  heart  some 
normal  saline  solution  which  has  been  cooled  in  ice  The  frequency 
becomes  greatly  lessened.  Replace  the  cold  with  warm  saline  (25°  C). 
The  heart-beats  become  frequent  as  the  temperature  rises.  If  heated  to 
40°-43°  C.  the  heart  stops  still  in  diastole,  but  may  recover  if  quickly 
cooled.  If  not  cooled  the  heart  passes  into  the  condition  of  hmt  rifior. 
Taking  another  heart,  cut  away  the  sinus  at  the  sinoauricular  junction. 
After  a  short  period  of  inhibition  both  parts  begin  to  beat,  but  with  a 
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different  rhythm.  The  sinus  is  the  more  injured,  and  beats  at  a  slower 
rate.  If  the  out  be  made  through  the  auricles,  the  sinus  beat  continues 
and  is  unaffected  by  the  injury.  Cut  off  the  ventricle  just  above  the 
auriculo-ventricular  groove.  After  a  period  of  inhibition  both  auricle  and 
ventricle  beat  The  auricle  recovers  first.  Cut  through  the  ventricle 
below  the  auriculo  ventricular  groove.  The  apex  preparation  does  not 
beat  sponUneously.  It  responds  to  a  prick  by  a  beat,  a-.d  may  ia  some 
cases  be  taught  to  beat  rhythmically  by  rhythmic  stimulation.  A 
crystal  of  common  salt  placed  on  the  apex  or  the  passage  of  the 
galvanic  current  through  the  apex  preparation  provokes  its  rhythmic 
contraction. 

Bhythmic  Oontractioxi— the  ftmction  of  the  Heart  Muscle. — Cut 
out  small  pieces  of  the  bulbus  arteriosus,  and  place  them  under  the 
microscope  in  a  watch  glass  containing  Ringer's  fluid.  The  pieces  will 
beat  rhythmically.  There  are  few  if  any  nerve  cells  in  the  bulbus, 
and  there  are  certainly  none  in  some  of  these  pieces,  so  the  rhythm 
must  be  the  function  of  the  heart  muscle. 

A  frog's  heart  painted  with  nicotine  (i  per  cent,  solution)  continues 
to  y)eat.     Nicotine  paralyses  nerve  cells. 

Isolated  portions  of  the  mammalian  heart  will  beat  rhythmically 
for  hours  if  fed  through  their  nutrient  arteries  (with  oxygenated 
serum).  The  serum  is  supplied  from  a  reservoir  which  need  be  raised 
only  slightly  above  the  level  of  the  heart.  The  preparation  and  the 
reservoir  of  serum  are  together  enclosed  in  a  strong  glass  chamber. 
The  chamber  is  kept  at  body  temperature,  and  into  it  oxygen  is 
forced  up  to  a  pressure  of  two  atmospheres.  Under  this  pressure 
the  oxygen  dissolved  in  the  serum  reaches  a  tension  which  is 
sufficient  to  maintain  the  vitality  of  mammalian  tissues  (Porter). 

Demonstration.— A  hen's  egg  incubated  24-36  hours  is  broken, 
and  the  contents  floated  out  into  a  dish.  With  the  aid  of  scissors 
and  forceps  the  investing  albumin  is  removed.  The  beat  of  the  heart 
may  be  observed  in  the  embryo  under  the  microscope.  The  embryonic 
heart  beats  before  its  muscular  tissue  become  differentiated,  and  before 
any  nerve-cells  become  included  within  its  structure.  The  inherent 
power  of  rhythmic  contraction  is  seen  in  the  chick  heart  by  the 
24th  hour  of  incubation,  while  the  migration  of  ganglion  cells  into  the 
heart  does  not  take  place  till  the  3rd  day. 

The  structural  elements  of  the  heart  are  nucleated,  branched,  and 
cross-striated  cells.  The  muscle-cells  are  joined  together  into  net- 
works and  bands,  so  as  to  form  one  functional  whole,  and  hence 
excitation  of  any  one  part  leads  to  the  contraction  of  the  whole.  The 
first  part  to  begin  to  functionate  in  the  embryo  is  the  venous  end.     In 
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the  mammalian  heart  it  has  been  shown   that  muscle  tibres  of  an 
embryonic  type  connect  the  auricles  with  the  ventricles. 

The  above  experiments  prove  that  rhythmic  contractility  is  the 
inherent  function  of  the  cardiac  muscle.  The  n.uscle  of  the  sinus  and 
auriculo-ventricular  junction  is  more  embryonic  in  structure  and  possesses 
greater  power  of  initiating  rhythm.  It  is  less  excitable,  and  conducts 
a  stimulus  less  rapidly  than  the  muscle  of  the  auricles  and  ventricle. 
The  auricular  and  ventricular  muscle  is  more  differentiated  in  structure. 
The  cross  striffi  are  more  marked.  It  does  not  so  easily  initiate 
rhythm.     Owing  to  its  greater  excitability  and  conductivity  it  follows 

the  lead  of  the  sinus. 

During  the  period  of  systole  the  heart  is  rejrador,,  to  artihcial 
excitation.  The  excitability  returns  with  diastole,  increasing  as 
.liastole  proceeds.  The  energy  of  any  cardiac  contraction  depends  on 
the  previous  activity  of  the  heart,  on  the  pressure  of  the  diastolic 
filling  on  the  resistance  to  systolic  outflow,  temperature,  nutrition, 
etc  It  is  independent  of  the  strength  of  the  stimulus  so  long  as  the 
latter  is  efficient  Owing  to  the  refractory  period,  the  slow  rate  of 
contraction,  and  the  independence  of  the  amplitude  of  contraction  on 
the  strength  of  stimulus,  the  heart  cannot  be  tetanised. 

By  the  study— with  the  aid  of  the  capillary  electrometer— of  the 
electrical  current  of  action  which  accompanies  the  systole,  it  has  been 
shown  that  the  contraction  of  the  heart  is  a  simple  twitch,  and  not 
a  tetanus.     The  current  of  action  is  triphasic  in  the  mammal-  (1)  base 
ne.'ative,  (2)  apex  negative,  (3)  base  negative.     The  excitatory  wave 
tra°vels  from  base  to  apex  and  from  apex  to  base,  following  the  course 
of  the  muscle-bands,  which  start  from  the  base,  run  to  the  apex,  and 
turning  in  there,  ascend  on  the  inner  wall  of  the   ventricle.     The 
current  of  action  travels  at  the  same  rate  as  the  excitatory  state.     The 
power  of  slow,  sustained  contraction  seems  to  depend  on  the  richness 
of  the  heart-muscle  in  sarcoplasm.     The  heart-muscle  possesses  tone, 
and  this  varies  with  the  temperature  and  nutrition.     Muscarine,  acids, 
chloroform  weaken,  while  digitaline,  caffeine,  and  alkalies  increase  the 
tone  of  the  heart.    The  auricular  muscle  of  the  toad  exhibits  rhythmic 

alterations  in  tone. 

Antiperistalsis  is  difficult  to  produce  because  the  excitatory  process  m 
the  ventricle  is  slow,  and  does  not  easily  affect  the  more  rapidly 
contracting  auricle.  The  refractory  period  which  persists  during 
systole  also  prevents  antiperistalsis.  The  excitatory  wave  is  delayed  in 
passing  through  the  more  embryonic  type  of  muscle  in  the  sino-auncular 
and  auriculo-ventricular  junctions,  and  therefore  the  auricle  beats  in 
sequence  to  the  sinus  and  the  ventricle  in  sequence  to  the  auricle.     By 
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cooling  the  siniia  and  warming  the  ventricle  the  sequence  of  the  heart 
can  be  reversed,  for  the  excitability  of  the  ventricle  is  by  these  means 
raised,  while  that  of  the  sinus  is  lowered. 

By  gently  clamping  a  strip  of  tortoise  auricle  muscle  between  two 
little  bits  of  cork  an  artificial  block  can  be  created,  and  the  piece  of 
auricle  below  the  clamp  then  beats  in  sequence  to  the  piece  above  the 
clamp.  The  natural  delay  in  conductivity  at  the  auriculo-ventricular 
junction  is  thus  imitated  (Gaskell).  The  conductivity  is  decreased  by 
the  clamp  (see  Advanced  Course). 

The  nerve  cells  of  the  heart  are  placed  in  the  least  differentiated 
parts :  in  the  sinus  (Remak's  ganglion),  in  the  inter-auricular  septum 
(v.  Bezold's  ganglion),  and  in  the  auriculo  ventricular  groove 
(Bidder's  ganglion).  The  nerve  cells  are  the  cell  stations  of  the 
vagus  nerve.  The  nervous  system  regulates,  but  does  not  initiate 
either  the  rhythm  or  sequence  of  the  heart.  The  maintenance  of  the 
rhythm  depends  on  the  blood,  and  there  is  evidence  to  show  that 
it  especially  depends  on  the  oxygen,  and  on  the  mineral  salts  which  are 
in  solution  in  the  blood. 

The  chief  mineral  salts,  chlorides  and  phosphates  of  sodium,  potassium, 
and  calcium,  are  dissolved  in  the  blood  in  minute  traces,  and  are  in  a 
state  of  ionisation.  The  presence  of  these  ions  seems  to  be  absolutely 
necessary  for  the  production  of  the  excitatory  state.  During  c'ajtole 
the  production  of  synthetic  compounds  is,  it  is  supposed,  pushed  beyond 
the  limit  of  stability  until  there  results  in  systole  an  explosive  liberation 
of  energy.  As  the  mineral  salts  in  the  serum,  with  a  due  supply  of 
oxygen  and  water,  are  sufficient  to  maintain  the  frog's  heart  in  rhythmic 
activity  for  hours,  it  is  clear  that  the  t.eart  muscle  contains  a  large 
supply  uf  explosive  material  in  its  sarcoplasm. 


CHAPTER  XIII. 


METHODS  OF   RECORDING   THE   HEART. 

The  Stispension  Method  of  Becording  the  Heart-beat. — The  frog  u 
placed  on  a  cork  plate  which  is  fixed  to  the  stand  beneath  the  crank 
myograph  lever.  A  fine  pin  is  bent  into  the  shape  of  a  hook  and  passed 
through  the  tip  of  the  apex  of  the  ventricle.  A  thread  is  attached  to 
this  hook  and  to  the  lever.  A  sufficient  weight  is  hung  over  the  pulley 
on  the  axis  of  the  lever  so  as  to  slightly  stretch  the  heart.  The  tiasaes 
round  the  base  of  the  heart  are  pinned  down  to  the  cork  plate  on  which 
the  frug  rests. 
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The  lever  is  provided  with  a  long  light  straw.     In  place  of  the  weight 
a  tine  rubber  thread  may   be  attached  to  the  lever.     One  end  of  the 


Fio  ')•.  — Siwpeiwlou  metlMxl  of  recordiiiK  tlie  ^^jntr.ietion  of  the  fi-og«  heart,  with 
u«!  of  rubber  thro:iil  :<»  a  apriiiK. 

rubber  thread  is  lied  on  to  the  short  arm  of  the  lever,  and  the  other  end 
is  pinned  to  the  cork  of  the  myograph.     By  making  the  rubber  thin 


Fui.  W.-Contmctlona  of  the  fro(r'»  he»rt.  A=«iiriciil»r,  V  =  ventricular  coii- 
tniction.  The  time  i»  nmrlted  In  Mcond*.  The  curve  iihoiild  be  read  from  left 
to  right.    (L.H.) 
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enougli  and  adjustinj;  iu  tension  so  that  the  lever  is  horizontal,  a  large 
excursion  can  lie  obtained. 

RecDrd  the  heart-beats  on  a  drum  (slow  rate).  Note  the  auricular  and 
ventricular  curves,  and  the  ruun<le<l  top  or  plateau  of  the  ventricular 
curve.  Render  the  heart  bloo<]less  by  opening  an  auricle.  The  apex  of 
the  ventricular  curve  becomes  i>ointed.  Internal  tension  excites  the 
muscle  of  the  heart  to  more  prolonged  and  sustained  contractions. 


Fid.  IT.— Coiitniotion  i>f  tlic  frtig't  lieiirt.  Tlie  carve  nboiild  Iw  reni  from  ri|{ht  to 
left.  The  effect  of  renderiiiK  I'eart  blooclluiii.  Note  the  pbitcaii  ou  the  top  of  the 
noriiiHl  ventricular  curve,  Hnil  the  poliiteil  top  after  the  blood  biw  eacitped.  Time 
marked  in  fifthB  i^f  •ccoiidii.     (1..H.) 

Another  metliml  of  recording  the  heart  is  shown  in  Fig.  58.  A 
long  light  straw  lever  is  taken,  and  a  needle  is  passed  through  it. 
The  needle  plays  in  holes  in  the  brass  upright.  The  thread  from  the 
heart  is  attached  as  shown. 


Flu.  .'is    ~  l.cver,  for  recording  the  frog'a  heart.     (Pembrey  and  I'hillipe.) 

The  excised  heart  can  be  recorded  by  a  similar  lever  represented  in 
Fig.  59.     A  piece  of  lead  is  bent  as  shown  and  fixed  to  the  cork  plate 
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by  drawing  pin«.  A  ne«dle  passes  ihroujth  the  straw  lever  and  holen 
in  the  lead.  A  lump  of  irodelling  wax  is  placed  on  th.-  long  ntraw  l.-ver 
,is  a  counterpoise,  and  another  piece  of  mmlelling  wax  attached  to  the 
straw  is  arranged  to  rest  on  the  heart. 

Effect  of  H«»t  and  Cold  on  tho  Bxci»6d  Frof-hout.   -Eximso  the 
heart  of  a  pithed  frog.     I'ass  a  small  hook  attache«l  to  a  thread  through 


till.  4','.     Slttbod  oJ  reconJliiK  the  cxcin-l  hi-.irt. 

the  tip  of  the  ventricle.     Excise  the  whole  heart,  cutting  widely  round 
it,  and  pin  the  tissues  surrounding  the  base  of  the  heart  to  a  cork 


r,o.  .W._Contn«.tlon  of  the  froR'.  heart  r««»<^««\,''y  "'«•"•£;'',•!?"  ka\'?riirM" 
and  then  Immersed  in  wlliie  at  .i.V  C.  The  curve  .honld  be  read  from  left  to  rtght. 
The  time  is  marked  in  seconde.    (I.. II.) 

which  is  attached  to  the  bottom  of  the  vertical  limb  of  a  T-piece. 
The  T-piece  is  placed  beneath  the  recording  lever,  and  the  thread  which 
was  atUched  to  the  ventricle  is  fastened  to  the  lever.  An  elastic  thread 
i8  used  as  a  spring  as  in  Fig.  55  and  the  record  taken  by  the  suspension 
method.  Take  a  tracing  of  the  heart  when  immersed  in  a  beaker  of 
Ringer's  fluid  at  room  temperature  (12-15°  C).  Ringer's  solution  is 
made  by  saturating  2  65  %  NaCl  with  calcium  phosphate  and  adding 
to  each  100  c.c.  of  this  solution  2  c.c  of  I  %  KCl.  Next  fill  the 
beaker  with  Ringer's  fluid  which  has  been  kept  in  broken  ice,  and 
take  another  record.     The  cooled  heart  gives  slow  and  forcible  beats. 
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Piii.  Ul. — Contraction  of  the  fro)i'*  heart  recorded  by  the  auapeution  method.  Effect 
of  pouring  over  the  heart  normal  saline  at  the  tcroperHturea  Indicated.  The  water 
cuola  nipidly  when  this  method  is  iixed,  and  the  heart  is  not  heated  throughout  Itt 
masa  to  the  tfmper.itiireK  Indicated.    (Penibrey  and  Phillip)*.) 
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The  periodi  of  contraction  «n«l  relaxation  are  prnlongen,  the  frvt|uency 
greatly  <liniini»he<l. 

''  Now  fill  the  lieaker  with  Kinger"*  fluid  at  2ft*  V.  The  frwtiiency 
Iwcomea  greatly  increa«e«l,  ami  the  period  of  contraction  »n<l  relaxation 
greatly  shortened. 

A  temperature  of  about  35*  C.  cauies  diminution  of  the  tone  of  tin- 
heart.  The  ventricle  ceaaea  to  follow  the  auricular  rhythm,  although 
it  8till  reaponda  to  excitation. 

At  38°  to  43*  C.  the  whole  heart  ceaws  to  beat,  an<l  gradually  lasses 
into  the  condition  of  heat  rigor.  The  heat  contraction,  when  once 
fully  established,  is  not  set  aside  b>  cooling. 


(  HAPTEK   XIV. 

THE  STANNIU8  HKAKT. 

The  Stanniui  Heart.— Expose  the  heart  of  a  pithed  frog.  Pass  a 
ligature  under  the  bulbus  arteriosus  and  above  the  two  superior  venae 
cavae.  Draw  the  ligature  round  the  white  crescentic  line  which  marks 
the  sino-auricular  junction  and  tie  it  exactly  over  this  line.  The  sinus 
continues  to  beat,  while  the  auricles  and  ventricle,  after  giving  a  few 
rapid  beats,  stand  still.  The  sinus,  with  its  more  embryonic  type  of 
muscle,  possesses  the  greatest 
power  of  initiating  rhythmic  con- 
traction. The  more  specialised 
muscle  of  the  auricles  and  ven- 
tricle is  more  excitable,  and 
conducts  an  excitatory  wave 
more  rapidly,  but  is  less  capable 
of  initiating  rhythm.  The  ex- 
citatory wave  which   is   started 

from  the  sinus  is  blocked  by  the  ligature ;  thus  the  auricles  and 
ventricle  cease  to  beat.  Prick  the  ventricle;  it  will  respond  by  a 
single  beat  to  each  stimulus.  The  Stannius  preparation  is  like  a  muscle 
preparation,  and  can  be  used  to  record  the  contraction  of  the  heart  and 
the  latent  period.  Tie  a  second  ligature  just  above  the  aunculo- 
ventricular  groove.  Both  auricle  and  ventricle  are  excited  by  the 
ligature  and  start  beating.  The  riiythm  i*  no  longer  the  same  m  the 
three  chambers  of  the  heart.  The  mere  contact  of  the  lever  or  elec- 
trodes resting  on  the  Stanniused  heart   sometimes  evokes  rhythmic 


Fio.  &>. 


-btiiimiiiii  heart.     Tli 
UKatiir«*(Dui~ 


hrtt  and  Becoii'l 
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contractions.      The   inhibitory   effect  of  the   first  ligature  has   been 
attributed  by  some  authors  to  excitation  of  the  vagus  nerve. 

The  Heart  cannot  be  thrown  into  Complete  Tetantu.— Set  up  a 
circuit  for  giving  single  induction  shocks  (see  Fig.  16,  p.  9).     Apply 


Fin.  r.;i.— Contraction  of  the  fn)g»  heirt  recordeil  by  the  kur|<<:d*Iou  methiKl. 
effect  of  tighteiiinK  the  first  «taiii»mii  ligBture  »t  Brut  gently  and  then  nnnly- , 
ciir\-e  ahoiild  be  read  from  right  to  left.    The  time  ii  marked  in  «econd».    (I,.ll., 


The 
The 


the  electrodes  to  the  Stanniused  heart  and  record  the  effect  of  rapidly 
repeated  excitations.  The  heart  gives  an  incomplete  tetanus  curve. 
Owing  to  the  refractory  period  it  cannot  be  completely  tetanised. 


Fm.  64.  -Effect  of  tetanieing  the  8t:mniiuied  heart.  The  curve  nhould  be  read  from 
left  to  right.  The  time  l»  niHrked  in  leconds.  The  third  line  nhowi  the  period  of 
■tlmulation.    O-U-) 

The  Extra  systole  and  Compensatory  Pause.— Excite  with  a  single 
induction  shock  a  rhythmically  beating  heart.  The  heart  is  recorded 
as  in  Fig.  55  or  58.  An  extra  contraction  excited  during  the  diastolic 
period  of  the  rhythmically  beating  heart  is  followed  by  a  compensatory 
pause.  Note  that  the  heart  does  not  respond  when  excited  during 
systole — the  refrndory  periml. 


Ud 
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CHAPl'EK   XV. 


THE  CARDIAC   NERVES   AND  OANGLIA. 

The  Intra -cardiac  Oanglia,  and  Nerves. — The  vago- sympathetic 
nerves  enter  the  sinus  with  the  superior  venae  cavae,  and  form  a  plexus 
there  which  contains  many  ganglion  cells  (Reniak's  ganglion).  The 
nerves  pass  on  to  enter  the  auricular  septum,  which  also  contains 
ganglion  cells  (v.  Bezold's  ganglion).  Leaving  the  septum  the  nerves 
enter  the  auriculo-ventricular  junction,  where  third  groups  of  ganglion 
cells  lie  (Bidder's  ganglion). 

To  see  these  structures  (Fig.  65),  forcibly  inject  the  living  heart  with 
osmic  acid  (1°/,  sol.),  passing  the  needle  of  the  hypodermic  syringe 
into  the  auricle.  The  osmic  acid  almost 
instantaneously  fixes  the  heart  in  disten- 
sion. Cut  out  the  heart  and  place  it  in  a 
watch-glass  of  I  %  osmic.  After  n  minutes 
open  the  auricles  under  water,  look  for 
the  septum  and  cut  it  out,  including  its 
attachments  to  the  ventricle.  Mount 
the  septum  in  glycerine,  and  examine  it 
microscopically.  The  nerve  fib  ess  and 
ganglion  cells  will  be  apparent  in  the 
septum. 

Dissection  for  Exposing  the  Vagus  in 
the  Frog. — Lay  the  pithed  frog  on  its 
back,  and  cut  through  the  skin  and 
sternum.  Pin  out  the  fore-limbs  so  as 
to  pull  tlie  divided  halves  of  the  pectoral 
girdle  widely  apart.  Open  the  peri- 
cardium and  divide  the  fraenum.  From 
the  angle  of  the  jaw  on  either  side  trace        .^  ,     u    .     .i. 

°  ■*  ventricle   ghowlng  the  vagua  nenm 

the  thin   band-like  petro-hyoid  muscles.    ««><«  g«nKH»-  „  "  i^j"  .    '^r.*';:■^.  *■ 

.       •],  ,  ,     1,  Berolds,  and  0. 3  Bidders.    (Dabola.) 

These  must  les  arise  from  the  skull,  and 
I  circle  round  to  the  thyroid  process  of  the  hyoid.     The  petro-hyoids  are 

crossed  by  two  white  nerves,  which  are  clearly  visible.  One,  the 
I  glosso-pharyngeal,  curves  round  from  the  angle  of  the  jaw,  and  dis- 
I  appears  among  the  muscles  of  the  floor  of  the  mouth.  The  other, 
[the  hypo-glossal,  takes  the  same  direction,  but  lies  nearer  to  the 
I  mid-line  of  the  mouth. 

The  vagus,  dividing  into  its  cardiac  and  laryngeal  branches,  lies  at 

E 


G.1 


Fia.  lift. — Inter-auricular  septum  and 
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the  lower  border  of  the  petro-hyoid  muscle.  It  U  a  small  nerve,  and 
not  easily  seen.  Having  traced  the  nerve  so  far.  cut  '-^'^y^^^'^^^l^^ 
and  a«  much  of  the  larynx  as  can  safely  be  removed.  Next  cut  away 
the  mucous  membrane  which  covers  the  base  of  the  skull  and  upp^r 
vertebme.     You  will  thus  expose  on  either  side  a  broad  ^"«=le.  the 

levator  scapulae  inferior.   1  nis 
muscle  arises  from  the  skull 
round  the  jugular   foramen, 
and  is  inserted  in  the  scapula. 
Unpin  the  frog,  and  hold  the 
skull  in  the  left  hand,  so  that, 
while  the  skull  is  horizontal, 
the  body  hangs  vertically.  Cut 
through  the  levator  muscle, 
and  under  the  upper  part  of 
this     muscle      observe     the 
vagus  ganglion  and  the  vagus 
and  glosso-pharyngeal  nerves. 
Trace  the  sympathetic  nerve, 
which  is    marked    by   black 
pigment,    along     the     upper 
vertebrae  to  its  junction  with 
the    vagus    ganglion.       The 
cardiac  sympathetic  fibres  arise  from  the  3rd  spinal  nerve,  and  pro- 
bably  have   their  cell   stations   in   the   third   sympathetic    gai.ghon. 
Phs3  a  fine  thre...i  (by  means  of  a  sewing  needle)  under  the  sym 


Fill  M, -Diagram  ol  the  origi"  <>'  the  vago-sympft 

«u.=iii)rti.    1,  -',  3.  4,  =  tir«t  to  fourth  ipl 
nerve..     Sym.  =  sympathetic  nerve.      G.P.=<.1om« 


tbetic  nerve 
muscle.    Ao. 


aorta.  1,  ->,  3.  4,  =  tir«t  to  fourth  apinal 
nerve*  oyiu.  =  sympathetic  nerve.  G.P.=<'Iom«- 
ph"rrnge,j'^rve.'  O^  vigus  ganglion.    (Gaakell., 


should  be  road  fi-i..  left  to  right.     (Pcmbrey  and  Phillfi*.) 

pathetic  at  the  level  of  the  large  brachial  (Jnd  «pinal)  nerve.  Tie 
it.  and  divide  the  nerve  belov  the  ligature.  Pass  a  thread  under 
the  gloHso-pharvngeal  and  vagus  nerve^  but  do  .  ot  tie  it. 

Place  the  frog  again  on  the  Iwurd,  and  record  the  heart  by  the 
au8pen«ou  method  (bIow  rate  of  drum).     With  the  internipted  currant 
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rtimulato   the  sympathetic.      Use  fine   electrodes  and   a  .trength  of 
current  just  comfortable  to  the  tongue.' 

The  heart-beats  are  accelerated  and  augmented  after  a  long  latent 
period.  This  effect  is  prolonged  for  a  considerable  time  after  the 
excitation  has  ceased.     The  after  effect  is  decreased  frequency  and 

amplitude.  .  u     tu 

Next  pass  the  electrodes  under  the  vagosympathetic  trunk.  Ihe 
heart-beats  will  either  be  arrested  (inhibited)  after  a  brief  latent  penod 
or  decreased  in  frequency  and  amplitude.  There  is  a  short  after 
effect;  the  heart  soon  escapes,  even  if  the  excitation  be  continued. 
The  after  effect  is  usually  increased  frequency  and  amplitude.  The 
returning  beats  frequently  show  the  staircase  effect.  Sometimes  the 
sympathetic  effect  overpowers  the  influence  of  the  vagus.     To  stimulate 


iDninetu-.  Note  the  after  eSect— «  rt«iri»»e 
.n™nUtior;f~tre"h;krt-S»t.'  ■fhe  »t.r»  indicate  ''•l.»»«['»'''°f .""l.'^^  ^ 
rtiSiutatlon.  The  dowiwtroke  reprewnt.  c<»tr.«:tloi..  The  time  I.  mwked  in 
seconds.    (I..H.) 


Fill.  rt».— Bxcitation  of   Ti««o-iiymp»thetio. 


the  pure  vagus  fibres,  the  cerebrum  is  destroyed,  the  cervical  cord 
divided,  and  the  spinal  bulb  excited.  During  the  sUte  of  complete 
inhibition  the  heart  may  not  respond  to  mechanical  excitation. 

There  is  little  evidence  in  support  of  the  old  view  that  the  excitatory 
state  is  transmitted  through  the  heart  and  the  contraction  regulated  in 
sequence  by  the  nerve  ganglia  of  the  heart.  The  ganglion  cells,  which 
wander  into  the  embryonic  heart  some  day^  aftor  it  has  started  beating, 
can  be  removed  without  disturbing  the  cardiac  rhythm.     Extra-cardiac 

>  The  electrodes  may  be  made  of  fine  covered  wire*.  The  end.,  for  i  inch,  are 
.tuck  together  by  melted  paraffin.  The  paraffin  i.  grooved  with  a  knife,  so  a.  to 
lay  bwe  the  wires  at  a  point  i  inch  from  their  end.  The  wire,  are  pawed 
through  .lite  in  a  .mall  piece  of  cork.  The  cork  n«y  then  be  pinned  m  any 
ituitable  poRition. 


•mmsis.. 
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70.  — IMiiifTam  of  iierveH  In  the  frot<a 
neck.  Dl8«ettiiiii  from  liehind.  (Pombrcv 
iind  Phillips.) 


nerve-fibres  from  the  vagus  have  their  cell-stations  in  these  ganglia.  The 
sympathetic  cardiac  fibres  have  their  cell-stations  in  the  3rd  sympa- 
thetic ganglion  in  the  frog,  in  the  stellate  or  Ist  thoracic  ganglion  in 
the  mammal.  Non-medullated  nerve-fibres  spin  a  fine  network  through 
all  parts  of  the  cardiac  muscle.  A  great  many  of  the  cardiac  nerve- 
fibres  are  centripetal  or  afferent,  and  convey  impulses  up  the  vagi  to 
the  spinal  bulb,  which  reflexly  control  the  tonus  of  the  blood-vessels, 
and  possibly  the  frequency  of  the  heart  and  the  respiration.  The 
centrifugal  cardiac  nerves  influence 
the  frequency  and  force  of  the 
cardiac  contraction  and  the  con- 
ductivity of  the  cardiac  muscle 
(chrono-,  ino-,  and  dromo-tropic  of 
Kngelmann).  The  inhibitory  fibres 
run  in  the  vagus  and  arise  from  a 
centre  in  the  spinal  bulb  which  is 
in  tonic  action  and  curbs  the  heart. 
The  function  of  the  vagus  is  to 
decrease  the  frequency,  force,  and  excitability.  The  sympathetic 
fibres,  which  arise  in  the  mammal  from  the  anterior  spinal  roots  in 
the  upper  thoracic  region,  antagonise  the  action  of  the  vagus.  The 
vagus,  by  reducing  the  heart-beat,  causes  anabolism,  and  the  sym- 
pathetic, katabolism  of  the  cardiac  muscle.  The  after-effect  of  vagus 
excitation  is  increased  energy  of  contraction,  while  that  of  the  sympa- 
thetic is  exactly  the  opposite.  The  function  of  the  cardiac  nerves 
is  to  co-ordinate  the  beat  of  the  heart  to  the  needs  of  the  body,  and  to 
co-ordinate  the  functions  of  the  other  organs  of  the  body  to  the  needs 
of  the  heart. 

Dissection  of  Vagosympathetic  Nerve  from  behind.  The  skin  in 
the  mid-line  of  the  back  is  divided  and  the  scapula  lifted  up  and  cut 
away.  The  fore-limb  is  pulled  outwards  and  then  removed.  A 
narrow  test  tube  is  placed  in  the  froga  mouth  to  put  the  parts  on 
the  stretch.  In  ront  of  the  divided  brachial  plexus  there  can  be 
seen  (1)  a  much  smaller  nerve— the  hypoglossal  -which  passes  down  to 
the  floor  of  the  mouth  ;  (2)  the  vago-sympathetic.  which  can  \>e  traced 
from  the  skull.  It  runs  by  the  side  of  the  carotid  artery  and  crosses 
underneath  the  hypoglossal  nerve;  (3)  the  glosso-pharyngeal.  This 
nerve  issues  with  the  vago-sympathetic  nerve,  but  soon  turns  down- 
wards and  forwards  to  the  floor  of  the  mouth. 
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CHAPTER   XVI. 
THK  SINO-AURICULAR  JUNCTION.      THK  ACTION  OF   URU(}8. 

Inhibition  Produced  by  Excitation  of  th«  8ino-Anricnl«r  Junction.— 

The  heart  is  recorded  l)y  the  suspension  method.  Observe  the  white 
tendinous  line  which  marks  the  sino-auricular  junction.  It  is  curved  with 
its  convexity  upwards.  Tliis  is  known  as  the  crewent.  Pin  the  cork  of  the 
fine  wire  electrodes  to  the  frog-plate  so  that  the  ends  ofthe  electrodes  touch 
the  crescent.  The  ends  must  not  be  more  than  2  mm.  apart.  Start  the 
drum  (slow  rate),  record  half-a-dozen  beats,  and  then  tetanise  the 
crescent.    The  heart,  owing  to  direct  excitation  of  the  muscle,  at  first 


41  4> 

Via.  71 .— Contractii'ii  u(  the  frotf'a  heart  Excitation  of  the  «ino-auricuUr  Junctlun. 
Arrcnt  of  anrlclea  »ii(l  iiiL-reated  rate  of  ventricle  (incomplete  totannRV  A  pauM 
followed  the  ceswitioii  i>f  the  vxoitatinn.  The  curve  should  he  read  from  .ht  to  left. 
The  stars  indic*te  the  IwKinniiiK  and  end  ..f  ittimulation.     (L.H.> 

beats  faster,  and  then  is  arrested  in  diastole.  Sometimes  r'ae  arrest  does 
not  take  place  till  the  excitation  ceases.  The  heart  soon  escapes  from 
arrest.  The  arrest  is  due  to  excitation  of  the  intracardiac  branches  of 
the  vagus.  Mechanical  stimulation  of  the  ventricle  during  the  arrest 
will  cause  a  reversal  of  the  natural  sequence.  The  sinus  continues  to 
beat  during  the  period  of  arrest.  The  excitatory  wave  is  blocked 
in  the  auricular  muscle. 

Action  of  Mnscuine  and  Atropine.— Dissect  out  the  vagus  and 
record  the  heart-beat  by  the  suspension  method.      Record  the  effect  of 
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exciution  of  (1)  the  vagiut,  (2)  the  crescent.  Next  with  agUss  pipette 
apply  to  the  heart  a  few  drops  of  nitrate  of  muscarine  (10%  solution). 
The  tone,  frequency,  and  amplitude  of  the  heart  will  decrease  until  at 
last  the  heart  becomes  arrested  in  diastole.  Mechanical  excitation  may 
still  excite  the  heart  to  give  a  single  contraction. 

Now  apply  some  drope  of  a  0-2-0-5%  solution  of  atropine  sulphate. 
The  heart  will  begin  t)  beat  again,  at  first  feebly,   and   then   with 


Jill.  7L'.--Fr(V8  heart.  1,  Nnrmat ;  2,  thnv  miuutM  aftar  one  drop  of  10"/  wlution 
of  miiacariue ;  3,  after  the  upplicatlon  of  a  weak  aolutiim  of  atruptne  aulpha'te  The 
time  ia  marksil  iu  seconds.    (Pembrey  and  Phlllipa.) 

increasing  amplitude.  Muscarine  abolishes  the  tone,  rhythmic  power, 
and  conductivity  of  heart  muscle,  while  atropine  has  in  each  respect  the 
antagonistic  action.  I'his  experiment  succeeds  on  any  ganglion-free 
strin  of  tortoise  heart.  After  the  application  of  atropine,  excitation, 
either  of  the  vagus  or  of  the  crescent,  is  ineffectual,  foi  atropine 
paralv  ses  the  post-ganglionic  fibres  of  this  nerve.  The  elTect  of  atropine 
cannot  be  antagonised  by  a  further  application  of  muscarine. 

A  1%  solution  of  pilocarpine  "cts  in  the  srme  way  as  muscarine,  and 
atropine  acts  as  its  antagonist 

Muscarine  is  an  alkaloid  obtained  frou  the  poisonous  Fly  Agaric— a 


UM.«i 
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fungus.     It  18  used  as  an  intoxicant  in  Siberia.     It  is  excreted,  un- 
changed, in  the  urine,  and  it  is  stated  tliat  the  urine  is  drunk  when  the 
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supply  is  short,  and  thus  the  intoxicant  is  handed  on  from  one  man 
to  another. 

Muscarine  nitrate,   C^Hj-NO...  is  prepared  artificially   from  cholin, 
CsHj-XO ..     Cholin  is  one  of  the  decomposition  products  itf  lecithin. 
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CHAPTER    XVII. 

THK   EFFKCT  OP  NICOTLVE,   CHLOROFORM    AND   KTHKK    UPON 

THE   HEART. 

» 

Action  of  Nicotine. — Dissect  out  the  vagus  and  record  the  heart  hy 
the  suspension  method. 

Kecard  the  effect  of  excitation  of  (1)  the  vagus,  (2)  the  crescent. 
Now  apply  to  the  heart  a  few  drops  of  a  1  per  cent  soliition  of  nico 
tine.  The  frequency  of  the  heart  is  at  first  lessened  and  then  slightly 
increased,  for  the  nicotine  firstly  excites  and  secondly  paralyses  Uie 


Kio  74.-  foiitractlnn  of  the  frog's  haurt    I .  Nornua  heart-boat.  11.  and  1 1 1 ,  iwiw.ned 
,    "fi-otirD.      Tie  down»troke  reprrawt*  eontrMtion.      The  tiin.;  is  iiwrked  in 
»ccoi)d».    I',   H.) 

synap&es  ct  the  vag!i&  '-Vjres  with  the  cardiac  ganglia.  Tiiese  ganglia 
-i  itain  the  c  'I  stations  f  the  vagus  fibres.  Stimulatjon  of  the  vago- 
sympaihetic  trunk  no  -onger  produces  inhibition,  btit  augmentation 
^nil  acceleratioii.  Tue  cflll  stations  of  the  sympathetic  fibres  are  in  the 
third  s>ympathet'<!  gang^:  >n. 
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The  v«gm  fibres  are  medullated  u  far  a«  the  cardiac  ganglia,  while 
the  Ryropathetic  fibres  are  non -medullated  after  leaving  the  third  sym- 
pathetic ganglion. 

Stimulation  of  the  crescent  still  produces  inhibition,  for  weak  doses 
of  nicotine  do  not  paralyse  the  post-ganglionic  fibres.  Nicotine  is 
.HJmilarly  employed  to  determine  the  cell  stations  of  ull  the  nerve 
fibres  of  the  autonomic  system  (Langley). 

Too  large  a  dose  of  nicotine  paralyses  the  post  ganglionic  Hbres. 
renders  the  contraction  of  the  muscle  slow,  and  finally  arrests  the  heart. 

Action  of  Chloroform  and  Ether.— Excise  two  frogs'  hearts  and 
place  each  in  a  watch  glass  containing  5  c.c.  of  Ringer's  Huid.  To  one 
add  one  drop  of  pure  chloroform  and  cover  with  another  watch  glass, 
riie  heart  will  become  feeble,  lose  tone,  an<l  finally  stop  Iwating 
It  will  take  about  ten  times  as  much  ether  to  produce  the  same 
etfect  on  the  other  heart.  Chloroform  is  ten  times  more  potent  a  druj; 
than  ether.  The  causation  of  death  from  chloroform  is  cardiac 
failure. 

In  the  mammal  the  arterial  pressure  falls,  and  the  vagus  (Centre  is 
len.ieiL'd  hyperexcitable  by  too  concentrated  a  dose  of  chloroform. 
Failure  of  respiration  and  syncope  may  result  from  inhibition  ot 
the  heart. 
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CHAiTEK  XVIII. 

DISSKCTION   OF  THK   HKART.     THE  CARDIAC   IMPULSK. 

The  Sheep's  Heart.  —Th(!  heart  should,  if  po8.sibU',  he  ohbiined  with 
the  perieanliimi  iiitiut,  uiul  the  hwgs  atUiched  to  it.  Open  the 
perieardiuni  and  test  its  strength.  It  is  a  stmiig,  inehistic.  fibrous 
I>ag,  arwl  prevents  the  over-distension  of  the  right  heart.  The  parietal 
layer  of  the  pt^ric^iniium  is  attached  to  the  roots  of  the  large  vessels  at 

the  liase  of  the  heart,  it  thence 
runs  over  the  surface  of  the  heart, 
forming  the  visceral  layer.  The 
ptsricanliuni  in  man  is  att4iche<I 
Iw'low  u>  the  diaphragm,  while 
aI)ove  it  is  slung  to  the  spine  by 
the  cervical  fa.scia'.  The  heart  is 
therel)y  slinig  in  position,  and 
ciinnot  twi.st  over  during  changes 
of  posture. 

The  front  of  the  heart  is  le- 
cognised  }»y  a  groove  filled  with 
fat,  which  runs  obli«iuely  down 
the  ventricles  from  left  to  right. 
The  groove  struts  from  alnnit  the 
middle  of  the  base  of  the  ven- 
tricles to  a  point  a  little  below 
the  nn'ddle  of  the  right  margin 
of  the  heart.  Running  up  the  middle  of  the  posterior  and  flatter 
surface  of  the  heait  is  a  similai-  shallow  gnM)\'e.  The  heart  is 
divide<]  by  these  grooves  into  a  right  and  left  side,  and  each 
of  the.se  is  again  divided  by  a  gr(H)ve  c(mtiiining  much  fat,  which 
circles  round  the  top  of  tlie  ventricles.  Above  this  groove  lie  the 
right  and  left  auricles.  Note  the  musculature  of  the  left  ven- 
tricle is  thick  and  firm,  that  of  the  right  ventricle  thiiuier.  Ik)th 
the  auricles  are  thin  walled.  The  appendix  of  each  auricle  projects  in 
front  at  the  base  of  the  heart,  as  a  flat,  crinkled,  ear-shaped  bag.  The 
greater  part  of  the  auricles  lies  at  the  Itiick  an<l  sides  of  the  base  of  the 
heart,  and  is  concealed  by  the  aorta  and  pulmonary  artery.  The 
grooves  on  the  surface  of  the  heart  mark  the  position  of  the  septa, 
which  divide  the  heart  into  four  chambers.  Trace  the  right  and  left 
coronary  arteries,  which  issue  from  the  right  and  left  sinuses  of  \'al8alva 


Via.  7ti.  -  Oad's  method  of  showing  the  action 
of  the  cardiac  valves. 
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ill  the  rfM)tof  the  aortu,  ami  run  in  the  aiiriculr)-vt'ntneulaignH»vt'.  The 
left  JH  the  more  imp«jitaiit,  and  divides  into  the  ranuw  eirciinipl(!XUH 
and  the  ninuis  deacendens.  Ligation  of  the  left  eoronarv  artery  eauscs 
fibrillar  eontniction.  ending  in  arrest  of  the  heart  lieat.  Ligation  of 
either  of  its  chief  liranehes  may  lause  iibrillar  contraction.  Trace  tht* 
coronary  vein  in  the  aiiricido-vcntricular  groove.  In  the  !H)8terior 
wall  of  the  right  auricle  find  the  opening  of  the  vena  cava  inferior 
lielow,  and  that  of  the  superior  cava  alnne. 

In  the  |X)sterior  wall  of  the  left  auricle  note  the  o|MMiiiig»  of  the  two 
pulmonary  veins  man  there  are /our.  The  pulmonary  artery  arises 
in  front  of  the  Imisc  of  the  right  ventricle,  close  to  the  anU'Hor  intra- 
ventricular groove.  The  aortJi  arises  from  the  Ixasc  of  the  left  ^  entriith- 
behind  and  a  little  to  the  right  of  the  pulmonary  arU-ry.  Tie  a  glass 
tube  V.C.  into  the  vena  cava  superior,  and  ligature  the  vena  cava 
inferior  and  the  left  vena  azygos.  Tie  a  second  glaas  tube  I'.A.  into 
the  pulmonary  artery.  The  arterial  tul>e  should  )>e  two  feet,  and  the 
vena  cava  tulie  one  f(M)t  long.  Fill  the  V.C.  tulie  with  water,  the  waUn- 
runs  through  the  right  ventricle  into  P.A.  Rhythmically  compress  the 
ventricles  with  your  han<l.  The  water  sinks  in  V.C,  an<l  rises  in  I'.A. 
Stop  the  cimipression.  If  the  pulmonary  valve  is  comiRaent.  the  fluid 
in  P.A.  will  not  sink.  Note  that  the  root  of  the  pulmonary  artery  i.t 
distended  by  the  pressiu'e  of  the  column  of  fluid.  The  sjmie  exix-riment 
can  be  repeated,  using  one  pulmonary  vein  and  the  aorbi.  Remove  the 
tubes,  and  measure  the  diameter  and  c<miparc  the  .sectional  areas  of  the 
two  venae  cavae,  the  pulmonary  artery  and  the  aorta.  Kxtend  the 
aoita  and  pulmonary  artery.  lioth  have  extensile  and  el;istic  walls, 
and  although  empty,  do  not  collapse.  The  pulmonary  artery  is  very 
extensile.  The  venae  cavae  and  pulmonary  veins  have  thin  inextensile 
walls  which  fall  together. 

Pa.ss  your  finger  down  the  superior  vena  cava  through  the  right  auricle 
into  the  right  ventricle.  Feel  the  size  of  the  auriculo-ventricular  orifice. 
Now  cut  throi'-gh  the  pulmonary  artery  just  above  its  origin,  and  Uxik 
within.  Note  the  three  pulmonary  .semi-lunar  valves.  Put  the  pulmonary 
oiihco  'u  er  the  tap.  The  pocket-shaped  valves  close  luid  prevent  the 
wate.  ei  ring  the  ventricle.  Pass  a  finger  through  the  pulmonary 
orifice,  and  another  through  the  superior  cava.  The  two  fingers  meet 
in  the  right  ventricle. 

Next  cut  open  the  right  auricle,  and  observe  that  it  surmounts  the 
right  auriculo-ventricular  orifice  like  an  inverted  pocket. 

Note  the  appendix  with  its  fretwork  of  muscle— the  inter-auricular 
septum  with  the  fossa  ovalis ;  the  Eustachian  vah  e,  a  membraneous 
fold   in   low  relief,   which  lies  immediately  Insnejith   the  entrance  of 
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the  inferior  vena  cava.     It  is  directed  from  the  posterior  wall  towarrls 
the  internal  wall. 

Note  also  the  size  and  form  of  the  auriculo-ventricnlar  orifice.  Cut 
away  most  of  the  auricle,  and  put  the  auriculo-ventricular  orifice  for  a 
moment  under  the  tap.  The  valve  will  float  up.  The  flaps  are  brought 
into  opposition  by  eddies  the  moment  the  ventricrlar  pressure  becomes 
greater  than  the  ;.urieular  pressure.  Note  the  shape  of  each  flap,  and 
the  upwanl  convexity  of  the  valve  flaps  when  closed,  and  the  star- 
shaped  figure  formed  by  their  opposition.  Note  also  the  papillary 
muscleii  and  chordae  tendineae.  A  band  of  muscle — the  motlerator 
band — crosses  the  ventricle. 

Next  cut  through  the  chordae  tendineae,  and  then  place  the  auriculo- 
ventricular  orifice  for  a  moment  under  the  tap.  The  valve-flaps  are  now 
<lriven  towards  the  auricle,  and  the  flap  is  no  longei-  competent.  In- 
troduce a  pair  of  scissors  between  two  of  the  valve-flaps,  and  cut  down 
to  the  bottom  of  the  ventricle.  Then  turn  round  the  scissors  anti  cut  up 
close  to  the  septum,  towar-ds,  but  not  as  far  as,  the  pulmonary  artery. 
Observe  the  columnae  carneae  and  papillary  muscles  in  the  lov er  pait  of 
the  ventricle.  These  pack  together  and  obliterate  the  lower  part  of 
the  ventricle  during  .systole.  Acting  as  elastic  cushions,  they  rel)(>und 
in  diastole  and  produce  a  momentary  negative  pressure  in  the  ventricle. 
Note  t,.".  furniel-shaped,  smooth- walled  upper  part  of  the  ventricle — the 
conns  arteriosus — which  leads  into  the  pulmonary  artery.  This  part  is 
not  emptied  during  systole,  and  blood  thus  remains  in  contact  with  the 
auriculo-ventricular  valve,  and  ensures  its  closure.  Note  the  form  of  the 
flaps  of  this  valve,  and  their  attachment  to  the  auriculo-ventricular  ring. 
Some  of  the  chordae  tendincive  are  attached  to  the  cd^  <,  and  others  to 
the  under  surface  of  the  valves.  Owing  to  the  papillary  muscles  and 
chonlae  tendineae,  the  auriculo-\eiitricular  valve  compresses  the  blood 
during  systole,  equally  with  the  rest  of  the  ventricular  wall. 

Now  lay  open  the  pulmonary  orifice  and  note  the  .shafH!  and  attiich- 
ment  of  the  semi-lunar  valves  and  the  small  nodule  of  tissue  in  the 
free  edge  of  each  flap.  Observe  also  the  sinuses  of  Valsidva.  These 
favoui-  the  formation  of  eddies,  which  bring  the  valves  in  opposition  the 
moment  the  intraventricular  pressure  becomes  less  than  the  pulmonary 
arterial  pressure. 

Cut  open  the  left  auricle  in  the  same  maimer  as  the  right,  and 
observe  the  two  flaps  of  the  left  auriculo-ventricular  valve,  the  papillary 
muscles,  cti .,  and  thickness  of  the  left  \ontricular  wall.  Cut  across  the 
aorta  just  above  its  origin  and  observe  the  three  aortic  semi-lunar 
valve").  Insert  the  nozzle  of  the  tap  through  this  valve  into  the  left 
ventricle  and  turn  on  the  water.     The  auriculo-veiitricular  valve  closes 
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hikI  prevents  the  escape  of  the  water.  Imv  open  the  left  ventricle  in 
the  same  manner  as  the  right,  carrying  the  first  incision  (Jown  the 
left  side  of  the  ventricle.  Observe  the  entrance  into  the  aortji  and  then 
lay  this  open.  Note  the  orifices  of  the  coronary  arteri.  s  from  the  right 
and  left  sinuses  of  Valsalva. 

Demonstration  of  Action  of  Valves  in  the  ox  or  horse's  heart, 
((iad.)  Two  brass  tubes  with  glass  windows  are  ti«l  one  (7  cm.  in 
<liameter)  into  the  left  auricle,  the  other  (.t  cm.)  into  the  aortfl.  The 
brass  tubes  are  connect«<l  by  side  tubes  to  the  Ixittom  and  top  respec- 
tively of  a  reservoir  containing  water.  A  small  hole  is  ma<le  in  the 
iipex  of  the  heart,  and  a  glow  lamp  is  inserte<l  into  the  left  ventricle. 
The  wires  of  the  lamp  are  connected  with  two  (ir.)ve  cells.  A  tube 
coniiectwl  with  u  rubber  Vtag  is  tie<l  into  the  apex.     The  Iwg  is  full  of 


Fio.  77.— Cardiograph.    The  tube  is  connected  with  a  recording  tamlj.mr.     i'ressure 
is  adjusted  by  the  screw  and  spring. 

water.  On  compressing  the  liag  the  uuriculo-ventriculai-  valves  close, 
while  the  aortic  valves  open.  On  relaxatirMi  the  aortic  valves  close, 
while  the  auriculoventricular  valves  open. 

The  Cardiac  Impulse. -Observe  and  feel  the  scat  of  the  canliac 
impulse  when  the  subject  is  (1)  standing  erect,  (2)  lying  horizontal  on 
the  left,  and  (.J)  on  the  light  side.  The  impulse  is  felt  in  the  fitth  or 
fourth  intercostal  space  alwut  li  inches  below  the  nipple  line,  ami  :\), 
inches  from  the  mid-sternal  line.  It  hifts  under  the  sternum  when 
the  subject  lies  on  the  right,  and  to  the  nipple  line  when  he  lies  or  the 
left  .side.  Owing  to  the  influence  of  gravity,  a  different  pjirt  of  the 
heart  comes  in  contact  with  tl.j  chest  wall  in  each  postiue.  Apply  the 
button  of  the  cai-diograph  to  the  seat  of  the  impulse,  and  fix  it  with 
tapes.     One  tape  is  fasteiied  round  the  chest  and  one  over  the  ritjht 
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HhoulcU'r.  ('o!iM.ut  thf  eanliogmph  ».y  mmm  of  a  X  t>i»'e  with  a 
recmling  Uimhour.  a-i  take  rm.nls  on  a  n.o<U'.-atoly  fa«t  .Irum.  Tl.o 
I  tube  is  us,.(l  to  ngulat.-  the  presmuo  in  the  UnilH.ur.  Set  up  a 
tfnm\,  spring  kev.  and  kittery,  in  ci,-cuit.  Listen  to  the  heart  sounds 
an.1  mark  the  first  and  seco.;.!  «.  MP.ds  heneath  the  cardiogram  (Fig.  -H). 
The  signal  must  write  exactly  un.ler  the  writing  style  of  the  tamlnjur. 
The  reacti....  time  of  a  trained  observer  f<.r  making  signals  in  answer  to 
sounds  is  Oin  to  ()-20  seconds.  The  curve  is  only  typical  when  the 
button  of  the  instrument  is  exactly  applie.l  to  the  seat  of  the  impulse. 
Klsewhere  the  thorax  is  dmwn  in,  as  bl.KKl  is  expelled  from  the  thorax 
during  the  iJcricKl  of  systolic  outflow. 

Th^  impulse  of  the  heart  .K^curs  where  the  ventricular  wall  touches 
the  chest  It  is  prcnluced  bv  the  sudden  hardening  of  the  ventricular 
muscle.  During  the  first  put  of  syst^.le  the  peri.Kl  of  rising  tension 
—the  blo<Kl  cannot  e.sca|)e  from  the  ventricles. 

For  the  demonstrations  of  the  circulation  see  page  1 1!>. 
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CHAPTER  XIX. 
THK   PULSK.     HUMAN    BLOOD  PRKSSLRK. 

Pulse. -Examine  the  radial  pulse  with  the  finger.  Note  (1)  the 
size  of  the  swelling,  composed  of  the  artery  and  its  venae  comites 
which  occupies  the  radial  sulcus ;  (2)  the  tension  of  the  artery,  which 
is  e«timated  by  the  pressure  required  to  obliterate  the  artery  and  stop 
the  pulse  •  (3)  the  condition  of  the  arterial  wall,  which  can  be  ascer- 
tained bv  rolling  the  vessel  upon  the  bone;  (4)  the  character  ot  the 
pulse  wave-its  frequency,  regularity,  amplitude,  and  period  of  duration. 
Note  also  whether  the  chief  secondary  .■<■  dicrotic  wave  is  perceptible. 

Compress  the  brachial  artery,  and  notice  that  the  radial  pulse  ceases. 
Compress  the  upper  arm,  excluding  the  brachial  artery.  The  swelling 
in  the  radial  sulcus  increases  as  the  veins  become  congested.  Ihe 
pulse  may  be  recorded  by  .  spbygm  graph.  The  r-inciple  of  this 
instrument  is  a  button  resti  ig  on  the  artery  and  pressing  against  a 
steel  sprin-  The  spring  in  its  turn  is  made  to  press  either  against 
a  lever  or"a  tambour.  The  lever  is  provided  with  a  writing  style, 
while  if  the  tambour  be  used  it  is  connected  with  a  recording  tembour 
The  Dudgeon  sphygmograoh  is  the  most  convenient.  Apply  it  to  the 
radial  artery  as  in  Fig.  81.  The  right  position  of  the  button  may 
be  found  by  marking  the  position  of  the  pulse  with  ink.  The  pressure 
of  the  instrument  can  be  varied  both  by  the  straps  and  ^'X  the  dial 
which  regulates  the  pressure  of  the  spring.     The  instrument  should  be 
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applied  with  a  pressure  sutticieiit  to  flatten  the  artery,  and  then  the 
pressure  should  be  diminishetl  until  the  maximal  excursion  is  obtained. 
We  have  no  tceans  of  accunitcly  reading  the  pressure  of  the  spring 


Fi.i.  7a-  ImpiiUe  curve  of  hoy  iiffed  15.    The  motnenU  when  the  heart ••ound«  weru 
heard  are  nwrkcd.    Time  marked  In  fifths  of  a  second.    (L.H.) 

or  the  changes  of  pressure  indicated  by  the  pulse  curve.  The  in- 
strument gives  us  the  form  of  the  pulse  curve  only.  When  the  .smoked 
|)apcr  is  in  position,  and  the  writing  style  placed  upon  it,  and  the 
maximal  excursion  obtained,  the  clock  is  started  and  the  record  taken. 


•  •-*■?""  o'  inipulne  curve  chantred  by  altering  the  position  of  cardioifraph. 
3  the  cheat  wall  is  pitnW.»H  in  #i.ii.<n»  *!..>  .».«„i: *-^.*      nu ..9^  /    .. 


s  Buciced  in  during  the  systolic  output. 
(L.H.) 


In 


Time  marked  in  tifths 


Fio  7'.i.- 

3  tL 

»f  a  second. 

The  pulse  curve  consists  of  a  primary  and  several  secondary'^waves. 
The  primary  wave  is  the  wave  of  expansion  produced  by  the  systolic 
output  of  the  heart,  and  travels  down  the  elastic  arteries  at  a  rate  of 
about  5-8  metres  a  second.     The  secondary  waves  are  produced  by  the 
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elastic  vibrations  of  the  wall  o.  .ne  large  arteriep  which  result  from 
their  sudden  distension.  The  first,  secondary,  or  predicrotic  wave  may 
perhaps  U  produced  by  reflection  of  the  primary  wave  from  tl  • 


FuJ.  M).  -M«rey'»  sphygmogiaph. 

periphery.  The  second  or  dicrotic  wave  follows  the  dicrotic  notch. 
The  dicrotic  notch  is  synchronous  with  the  tension  of  the  closed 
semilunar  valves  and  the  second  sound  of  the  heart. 

The  dicrotic  wave,  depending  as  it  does  on  the  elastic  swing  of  the 
arterial  wall,  is  most  marked  when  the  arteries  are  healthy,  the 
arterial  pressure  low,  and  the  heart-beats  slow  and  powerful.  The 
elastic  wall  of  the  aorta  and  large  arteries,  suddenly  exiv.,nded  by 


Fkj.  si.— Dudgeon's  sphygmograi'h. 

the  systolic  output,  then  swing  in  and  out  like  a  stretched  string  when 

it  is  plucked. 

Take  another  pulse  tracing  and  forcibly  inspire  and  expire  during 
the  record.  The  line  of  the  tracing  falls  during  inspiration  and  rises 
<luring  expiration.     This  is  due  to  the  effect  of  respiration  on  the 
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Kia.  ,S2 — Sphygmogrnph  provided  with  time  write;  (Jacqiiet). 


Fid.  83.— Pulse  tracing  (sphygmogram)  taken  by  Jacquet's  »phygmograph. 

a  d  =  tlio  period  of  the  pulae  curve.  (i  =  tho  primnry.  c-the  dicrotic  wavt- 

Time  marked  lii  tiiths  o(  a  second. 
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venae  comite*  which  surround  the  radial  artery.  While  taking  a  third 
tracing  conipresH  the  upper  arm  of  the  iuhject  with  your  hands, 
excluding  the  radial  artery.  The  venous  congestion  thus  pro<luced 
will  raise  the  line  of  the  >,racing  and  cut  oft"  the  descent  of  the  pulse 
curve  (Fig.  f<4,  1).  The  HW.,.len  venae  comite«  raise  the  instninient 
alwvc  the  artery.  It  is  important  to  rememlur  that  venous  congention 
may  alter  the  character  of  the  radial  piUse. 
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F....  M.-Fffect  of  oo...pre..iD«  femorul  vein  on  »P»'y8",«8'^»-  ' •  ^-I'^n^S™" 
t'lken  with  iUHtruioent  restliig  on  femoral  artery  and  vein  of  dv-  -,  on  icmorai 
vl^n  onT,'      »"on  femoral  artery  only.    (Hill,  Barnard,  and  Hequelra.) 

Blood  'i»reBBure  in  Man.-  The  pressure  may  be  measured  by  the 
Hill-P    .lard  sphygmometer.     This  consists  of  a  graduated  glass  tub. 
which  expands  into  a  capsule  below  and  a  small  air  cham  er  abovc^ 
The  capsule  and  the  tube,  almost  to  the  zero  mark,  are   filled  with 
dilute    glycerie    acidulated    with    chromic    acid:    the     capsule    is 
covere.1  by  a  rubber  membrane.      The  air  chamber  is  closed   by  a 
tap.     In  using  the  instrument  the  fluid  is  first  set  at  zero.     To  effect 
this  the  tap  is  opened  and  the  rubber  membrane  pressed  until  the 
fluid  reaches  the  ztro  mark  on  the  scale.     The  tap  is  then  closed. 
The  instrument  is  now  pressed  upon  the  artery  until  the  position  is 
found  at  which  the  fluid  meniscus  gives  the  maximal  pulsation.     The 
scale  is  read  at  this  point,  and  the  reading  gives  the  mean  arterial 
pressure   in  mm.  Hg.     While   taking  the  reading  the  hand  of  the 
subject  must  be  placed  on  the  same  level  as  the  heart,  so  as  to  avoid 
the  influence  of  gravity. 

The  air-chamber  acts  as  a  spring,  and  the  instrume::t  .s  a  spring 
manometer.  The  zero  is  set  by  opening  the  tap  before  each  reading, 
so  as  to  avoid  errors  due  to  alterations  of  temperature  and  barometric 
pressure.  The  instrument  is  graduated  empirically.  The  maximal 
pulsation  is  obtained  when  the  mean  pressure  within  and  without  the 
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iirtery  are  the  sanie.  If  the  prpHHiire  of  the  instrument  be  made  greater 
than  the  mean,  the  artery  will  not  ex|Niiiil  to  its  fnllent  in  nystole. 
Similarly,  if  the  preHgure  be  miule  Icm  than  the  mean  the  artery  will 
not  completely  coUaiwe  in  diastole. 


*4 


Kio.  K.'i.— Arntiifrenient  of  levers  in 
I  >tidi{oon'8  aphyi^uirniph. 


Ki.i 


,  8611.— SphjTKtnomcter. 

The  mean  arterial  pressure  is  100-110  mm.  Hg  in  healthy  young 
men.  It  may  fall  during  sleep  10-20  mm.  Hg,  and  rises  to  130-14C 
mm.  Hg  during  mental  excitement  or  severe  efiort.      It  is  normally 


higher   in  the  erect   than  in 
gravity  is  over-coraiiensated. 


the  horizontal  position.     The  effect  of 
The  reverse  is  the  effect  in  states  of 


Fid.  s«6._Mphy(finomctor.  The  leather  armlet  eucloBes  a  rubber  Imk.  The  bicycle 
pump  is  used  to  raise  the  pi-es^ure.  The  spring  manometer  indicates  the  niaxiniul 
pulsation  and  the  pressure. 

debility,  and  the  ptdse  fre(iuency  is  then  greatly  accelerated  in  the 
vertical  posture.  The  arterial  pressure  is  as  constant  as  the  body 
temperature  from  day  to  day.  In  the  horizontal  posture  the  arterial 
l)res8ure  will  be  found  to  be  th"  same  in  all  t'le  big  arteries.  In  the 
erect  posture  the  pressure  i.-*  lugher  in  the  femoral  than  in  the  carotid 
by  the  height  of  the  column  of  blowl  which  separates  the  two  arteries. 
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Tho  venous  preMur«  may  hti  obtained  hy  preuing  the  inatrument  on 
to  a  vein  on  the  hack  of  the  harol,  emptying  the  blood  out  of  the 
vein  by  digital  prewure,  and  then  diminiithing  the  pre»i»ure  until  the 
vein  suddenly  fills.     Note  the  pressiire  when  this  hap|)ens. 
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CHAITER   XX. 

HL(K)|).     THK  HAKMOGLOBINOMETER  AND  THE 
HAKMACYTOMKTKR. 

Oowen-HaldMie  HMmoglobinometar.— The  niaxin<al  error  of  this 
a<lmirable  instrument  ih  not  more  than  08  per  cent.  The  standard 
solution  in  tube  D  i.^  a  1  per  cent,  solution  of  ox  bUnxl  saturated  with 
coal  gas.'  Tho  oxygon  capacity  of  tho  ox  bloo*l  from  which  tho 
standard  was  prepared  was  l«-5  per  cent.  This  was  determined  by 
displacing    the    oxygon    from    laked    ox    bloal    with    ferri-cyanide 


Fill.  87.— Oower's  haemoglobinometer. 

of     potassium,    and    mea.suring    the     amount     of    ga.s.      The    per- 
centage   of   haemoglobin   corresponding  to    18-5  per  cent,    is  about 
13-8  per  cent.     The  normal  human  blood  when  saturated  with  CO  and 
diluteil  with  water  to  the  mark  100  in  tube  C  corresjwnds  in  tint 
to  the  standard,  and  has  therefore  an  oxygen  capacity  of  18-5  per  cent. 
'  Id  distilled  water  to  tube  C  up  to  the  mark  20.     Take  exactly  20 
.  ^m.  of  blood  in  the  pipette,  and  blow  it  into  C.     Pass  a  narrow  glass 
tu>)e  coimected  with  a  gas  burner  into  the  free  part  of  tnl>e  C.     Turn 
the  gas  on  and  push  the  glass  tulte  down  near  to  the  blood.     The  gas 
'  Coal  gas  contains  carbon  monoxide  as  an  impurity. 
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tube  it  then  withdrawn  nml  tnli«  C  quickly  ciotwl  with  the  finj^er  to 
prevent  the  go  8c»p»  g.  The  tulHi  ii  then  inoliiitHl  up  and  down 
about  a  dozen  tim'  ,  to  that  the  haenioglohin  becnmes  wtunittHi 
with  CO. 

Diatilled  water  is  thitiadtled  drop  by  drop  fr<  a  the  dropping  pi|)ctte 
A,  until  the  tint  appenra  equal  to  the  «tandanl.  After  half  a  minute 
read  the  percentage,  ami  then  add  another  dn»p  or  drop«  till  th«  tinU 
appear  just  une<|ual.  Koad  the  |)ercentage  again,  and  take  the  mean  of 
the  two  readings  im  corrsct.  In  comparing  the  tints  hoM  the  tubes 
against  the  skylight,  and  frcf^uently  change  the  tubes  from  side  to 
side.  The  average  percentage  of  woman's  bhxxl  in  11  per  cent.,  and 
that  of  children's  bloo<l  13  pvr  <ent.  below  the   average  of  adult  men. 


0100mm. 


C  Zeiss 
Jenu. 


K|((.  Ns, — The  Thoni.-i-ZoisH  hai;iuiicytuineter. 

Therefore,  in  calculating  the  pereentayt-  for  women  add  about  ;,  and 
inr  children  altout  ,'.,  to  the  |)ercent  ^c  found.  Many  other  forms 
of  haemoglobinonicter  have  been  contrived,  Imt  in  comparison  with 
thin  instrument  none  of  them  are  worth  notice. 

The  number  of  OuipuBcles  in  the  Blood.  The  Thoma-Ziiss  Haema- 
cjrtometer  eonsi-sta  of  a  counting  charaltcr  and  an  accurately  calibiated 
pilK'tte. 

The  finger  behitid  the  nail  is  cleaned  with  alcohol  and  ether,  and  a 
drop  of  blcKMl  is  drawn  by  the  stab  of  a  lancet-shaped  needle.  The 
finger  should  not  be  constricted  by  a  ligature  during  this  operation. 
The  point  of  the  pipette  is  placed  mj  the  drop,  and  the  blotnl  is 
aspirated  as  far  as  the  mark  1.  The  traces  of  blood  on  the  jwint 
of  the  pipette  are  then  removed,  and  the  pipette  is  dip|)ed  into 
Hayem's  fluid.' 

'  Sodium  chloride,  g.  2;  sodium  sulphate,  g.  10;  corrosive  subliiimte,  g.  1  ; 
water,  g.  400. 
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This  fluid  is  sucketl  up  until  the  dihited  blood  reaches  the  mark  101. 
The  tip  of  the  mouth-piece  is  then  closed  by  the  finger,  and  the 
pipette  shaken.  The  glass  Ijead  in  E  mixes  the  lilocd  and  Hayem's 
fluid.     The  bulb  contains  1  part  blood  and  99  Hayem's  fluid. 

Now  blow  gently  into  the  mouth-piece,  reject  the  first  few  drops, 
and  then  place  a  drop  upon  the  centre  of  the  counting  chamber.  The 
cover-slip  is  then  placed  in  position,  and  the  counting  chamber  is 
placed  on  the  stage  of  the  microscope,  and  left  at  rest  for  a  few 
minutes.  When  the  corpuscles  have  sul)8ided,  count  the  n  imber  in 
10  squares,  and  take  the  average.  Count  those  corpuscles  which 
happen  to  lie  on  the  lines  on  two  sides  of  each  square  only.  Each 
.square  covers  an  area  of  ^  Jg  sq.  mm.,  and  has  a  volume  of  j^^  c.mm., 
therefore  1  c.mm.  contains  4000  times  the  average  number  found  in  a 
s(iuare.  The  dilution  of  the  blood  was  1100.  Thus  the  number  in  a 
square  x  4000  x  100  =  number  of  corpuscles  in  1  c.mm.  of  blood. 

In  counting  the  white  corpuscles  it  is  best  to  dilute  the  bloo<l  with 
1  per  cent,  acetic  acid.  This  destroys  the  red  corpuscles  and  brings 
the  white  clearly  into  view.  By  comparing  the  number  of  the  red 
corpuscles  in  a  square  with  the  percentage  of  the  haemoglobin,  the 
worth  of  the  corpuscle  in  haemoglobin  is  obtained. 

^  =  '  worth '  of  corpuscles. 

No.  in  sq. 

The  average  number  of  red  corpuscles  is  .5,000,000  per  1  c.mm. :  of 
white,  10,000  per  1  c.mm.^ 

Specific  Gravity  of  the  Blood. — A  number  of  test-tul>e8  are  taken 
and  filled  with  mixtures  of  glycerine  and  water,  which  vary  i?i  specific 
gravity  from  1030  to  1075.  A  pipette  is  taken  with  the  point  bent 
at  a  right  angle.  The  skin  is  pricked  l)ehind  the  finger  nail,  and  a 
drop  of  blood  is  drawn  into  the  pipette.  The  blood  is  blown  in  small 
droplets  into  the  middle  of  the  solution  in  several  of  the  test  tubes 
until  the  solution  is  found  in  which  the  blood  neither  sinks  nor  rises. 
The  specific  gravity  of  this  solution  is  determined  with  the  hydrometer. 
The  behaviour  of  the  droplet  must  be  noted  at  the  moment  when  it 
enters  the  solution.  The  blood  (juickly  alters  owing  to  osmotic  change. 
The  specific  gravity  of  the  blood  is  almut  1060,  of  the  plasma  1026-29. 
The  specific  gravity  of  fragments  of  muscle  or  other  tissues  may  be 
determined  in  the  same  way.  The  method  is  thus  employed  to 
determine  the  amount  of  tissue-lymph  in  the  organs. 

'  After  using,  clean  the  pipettes  of  these  instruments.  Suck  water,  alcohol, 
and  ether  up  them  in  turn,  anil  let  the  liquids  run  out.  Never  blow  down  the 
pipettes. 
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CHAPTER    XXI. 

INSPECTION  AND  AUSCULTATION  OF  THE  THORAX. 

Inspection. — The  normal  chest  has  the  shape  of  a  truiicatud  cone. 
It  is  well  and  symmetrically  expanded ;  the  sternum  and  vertehnil 
column  are  erect,  while  the  anterior  wall  of  the  thorax  is  slightly 
arehe<l  forwards.  The  transverse  section  is  oval,  with  the  wider 
iliameter  from  s'^-  to  side.  The  sulncostal  angle  is  wide.  Measure  the 
chest  with  a  tape.  The  average  measuicment  round  the  chest  is  35 
inches,  or  rather  more  than  half  the  height  of  the  man.  With  the 
calipers  measure  the  side  to  side  diameter ;  it  averages  10-lOi  inches  at 
the  level  of  the  nipple.  The  antero-posiei  ^or  diameter  is  71  inches  on 
the  average.  Measure  the  difference  in  the  circumference  between 
the  inspiratory  and  expiratory  positions.  It  averages  2A-3i  inches. 
Take  the  shape  of  the  chest  with  the  c;  rtometer.  This  consists  of 
two  pieces  of  lead  piping  hinred  by  a  piece  of  ru}>l>er  tubing.  The 
cyrtometer  is  moulded  round  the  circumference  of  the  thorax,  then 
evened  and  removed,  to  be  again  placed  in  position  on  a  sheet  of 
japer.     The  shape  is  then  traced  on  the  paper  with  a  pencil. 

Observe  during  respiration  that  the  a))dominal  mo\ements  are  most 
marked  in  men.  In  children  and  women  the  movement  of  the  upper 
part  of  the  chest  is  more  noticeable. 

Inspiration. — The  distensile  lungs  follow  at  every  point  the  inspira- 
tory enlargement  of  the  thorax,  and  air  and  blood  enter  the  lungs  in 
increased  volume.  The  vertical  diameter  of  the  thoracic  cavity  is 
increased  by  the  contraction  of  the  diaphragm.  This  dome-shaped 
muscular  sheet  flattens  until  the  acute  angle  between  the  thoracic  wall 
and  the  diaphragm  becomes  an  obtuse  angle.  The  pull  of  the 
diaphragm  on  the  lower  ribs  is  antagonised  by  the  pressure  of  the 
diaphragm  on  the  abdominal  contents.  The  (juadratus  lumborum 
fixes  the  twelfth  rib,  while  the  serratus  posticus  pulls  the  last  four 
ribs  backwards.  The  central  tendon  of  the  diaphragm  is  slung  to  the 
pericardium,  and  scarcely  varies  in  position.  The  movements  of  the 
diaphragm  may  be  observed  in  man  by  means  of  the  Kdntgen  rays. 
The  anteroposterior  and  tran.'^verse  diameters  of  the  thorax  are 
enlarged  by  the  external  intercostal  muscles,  the  intercartilaginous  parts 
«if  the  internal  intereostals,  and  the  levatores  costarum.  The  scalene 
muscles  fix  the  upper  two  ribs.  By  the  elevation  of  the  ribs  the 
sternum  is  throwji  forwanls,  the  spine  backwards,  and  the  thorax  is 
enlarged  both  from  before,  backwards,  anrl  from  side  to  side. 
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The  elasticity  of  the  costal  cartilages  and  the  stenio-clavicular 
articulations  permit  this  movement.  The  movement  of  the  upper 
ribs  is  chiefly  forwards,  and  that  of  the  lower  ribs  backwards.  The 
bulk  of  the  lungs  above  lies  in  front,  and  below  is  behind. 

The  thorax  expands  when  the  pleural  cavity  is  opened  in  the  corpse, 
for  the  elasticity  of  the  lungs  pulls  the  thoracic  walls  inwards.  In 
quiet  inspiration,  therefore,  the  muscles  have  on'.y  to  overcome  the 
elasticity  of  the  lungs,  and  help  the  thoracic  cage  to  spring  outwards. 

Expiration  is  brought  about  by  the  elastic  recoil  of  the  lungs 
and  abdominal  wall,  and  by  the  weight  of  the  thorax. 

Extraordinary  Bespiration. — Let  the  subject  run  up  and  down 
stairs  until  dyspnoea  results.  Every  muscle  is  brought  into  play 
which  elevates  the  ribs,  or  fixes  the  origin  of  the  muscles  which 
elevate  the  ribs.  In  expiration  the  abdominal  muscles  depress  the 
thorax  and  force  up  the  dome  of  the  diaphragm.  Owing  to  the  torsion 
of  the  thoracic  cage  an  elastic  recoil  takes  place  both  after  inspiration 
and  expiration,  and  thus  no  time  is  lost. 

During  severe  muscular  exercise  the  aMominal  wall  is  tightened, 
and  the  diaphragm,  its  descent  being  resisted,  raises  the  thorax. 

Vocal  fremitus. — Place  the  flat  of  the  hand  on  the  chosf  and 
tell  the  subject  to  say  "  ninety-nine."  The  vibration  of  the  \  >' — 
vocal  fremitus— is  propagated  through  the  bronchi  to  the  wall  of 
the  chest. 

Percussion. — Firmly  place  the  index  finger  of  the  left  hand  on  the 
chest  and  strike  it  with  the  middle  and  ring  fingers  of  the  other  hand. 
The  sound  resonates  over  the  lungs.  It  is  dull  when  the  thigh  is 
percussed,  for  there  the  vibrations  are  damped.  Note  the  feeling  of 
resistance  to  percussion.  Map  out  the  areas  of  resonance.  On  the 
right  side  the  resonance  stretches  from  the  apex  of  the  lung  in  the 
supra-clavicular  fossa  to  where  the  liver  dulness  begins  at  the  6tli 
rib.  On  the  left  it  extends  to  the  cardiac  dulness  at  the  4th  ril>. 
The  cai-diac  dulness  reaches  from  the  mid-line  to  a  line  which  is  convex 
outwards,  and  runs  from  the  sternal  end  of  the  4th  costal  cartilage 
to  the  apex  of  the  heart.  The  apex-beat  of  the  heart  is  felt  about 
3i  inches  fnmi  the  mid  sternal  line,  and  in  the  fourth  or  fifth  inter- 
costal space.  It  shifts  to  the  right  or  left  as  the  subject  rolls  over  on 
to  the  right  or  left  side. 

In  the  axillary  line  the  pulmonary  resonance  extends  to  the  8-9  rib, 
while  behind  it  reaches  to  the  10-11  rib.  Over  the  scapula  the  note  is 
less  resonant. 

Observe  the  influence  of  inspiration  and  expiration  upon  the  limits 
of  pulmonary  resonance. 
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Anscnltation. — The  respiratory  and  cardiac  sounds  can  be  heard  hy 
placing  the  ear  against  the  chest,  or  by  means  of  the  wooden  or  binaural 
stethoscope.  Listen  over  the  trachea,  or  at  the  level  of  the  7th 
cervical  spine.  The  harsh  blowing  inspiratory  and  expiratory  sounds 
are  separated  by  an  interval.  These  '  bronchial  sounds '  are  produced 
by  the  vibration  of  the  orifices  of  the  air-way  and  vocal  conls. 

Another  breezy  sound,  the  'vesicular  murmur,'  is  hearri  wherever 
the  lung  is  in  contact  with  the  chest  wall.  It  increases  during 
inspiration  and  dies  away  during  the  first  third  of  expiration.  This 
sound  is  probably  produced  by  the  separation  of  the  moist  surfaces 
of  the  bronchioles  and  alveoli.  It  ma}*  be 
due  to  the  conduction  of  the  bronchial  sounds 
to  the  alveoli. 

Carbonic  Acid  in  Expired  Air.— Two  flasks 
are  arranged  as  in  Fig.  89  and  lime  water  is 
placed  in  both.  Breathe  through  the  mouth- 
piece. The  inspired  air  passes  through 
A,  which  remains  clear,  while  the  expired 
air  passes  through  B,  which  becomes  turbid. 
If  the  precipitate  of  calcium  carbonate  in  B 
be  collected,  and  a  little  hydrochloric  acid  added  to  it,  effervescence 
will  take  place  owing  to  the  decompositioTi  of  the  calcium  carbonate. 

Deficiency  of  Oxygen  in  Expired  Air.— A  large  bottle  is  in\  erted  over 
a  basin  of  water.  A  >)eiit  tube  passes  under  the  water  and  into  the 
Iwttle.  Breathe  in  and  out  of  the  bottle  through  this  tube.  Then  lift 
up  the  bottle  and  put  a  lighted  taper  into  it.  The  taper  immediately 
goes  out.  A  flame  will  not  burn  in  air  that  contains  less  than  1 7  per 
cent.  0^ ;  a  man  can  live  in  10  per  cent.  O..  A  flame  is  therefore  a 
safe  test  for  deoxygenated  air  (choke  damp)  in  wells  and  mines,  etc. 
The  deo.xygenation  of  the  air  is  due  to  the  oxidation  of  iron  pyrites, 
VeH.,,  etc.,  in  the  soil.  A  well  becomes  filled  with  such  air  when  the 
barometer  falls.  The  foul  air  may  be  removed  by  raising  and  lowering 
an  open  umbrella. 

An  apparatus  is  made  by  Messrs.  Siebe  and  Oorman  for  exploring 
mines,  wells,  etc.,  which  contain  foul  air.  It  consists  of  a  mask,  an  air- 
bag  fitted  with  inspiratory  and  expiratory  valves  and  containing  potash 
to  absorb  C0^„  an  oxygen  bottle  to  supply  oxygen  to  the  bag. 

For  the  demonstration  of  the  respiratory  movements,  gases,  and 
exchange,  see  pages  1.36  et  .'*eq. 


Kio.  8i'.  -  Arrnngemcnt  for 
demoiiHtnttlnft  CO._,  in  expired 
iiir  by  means  of  liiue  water. 
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CHAPTER    XXII. 
BODY  HEAT  AND  SECRETION  OF  SWEAT. 

The  Normal  Temperatnre. — The  average  temperature  of  man  is 
9H°-4.  It  is  taken  by  means  of  a  clinical  thermometer  which  is 
either  inserted  in  the  rectum  or  mouth  or  the  subject  micturates 
over  tho  l»ulb  of  the  thermometer.  Take  the  temperature  of 
your  mouth  at  each  hour  of  the  day.  Chart  out  the  results 
on  a  temperatuie  chart  an<l  observe  the  daily  variation.  Take 
the  temperature  l)efore  and  immediately  after  severe  muscular 
e.xercise,  such  as  a  fifteen  minutes'  bicycle  ride  up  hill.  The  tempera- 
ture may  rise  to  100°  F.  or  even  more  on  a  hot  day.  Four  adim 
bimible  bees  placed  in  a  small  glass  bottle  have  been  observed  to  raise 
the  temperature  of  the  air  in  the  Iwttle  from  19°-3  to  ^.T-G  C. 
It  is  iniportivnt  to  remember  that  the  daily  range  in  the  internal 
temperature  of  a  healthy  man  may  be  from  97°-0  F.  (36°1  C.)  to 
99°-6  F.  (37°-56  C.) ;  and  that  observations  taken  in  the  mouth,  even 
when  it  is  firmly  closed,  are  liable  Ui  be  low,  owing  to  the  danger  of 
cooling  of  the  tissues  of  the  mouth,  externally  by  cold  air,  internally 
b}'  the  inspired  air. 

Heat  Begulation. — Take  a  large  frog,  and  insert  a  small  ther- 
mometer in  the  cloaca  oi-  flex  up  the  thigh,  and  insert  the  thermometer 
between  it  and  the  alnlomen,  and  reconl  its  temperature.  Place  the  frog 
in  warm  water  at  .30°  C.  After  10  minutes  observe  its  temperature. 
It  will  have  reached  the  same  temperature  as  the  water.  Cool 
the  frog  again  in  cold  water  and  tjike  its  temperature  again. 
Then  place  it  for  10  minutes  in  a  thermostat  heated  to  35°  C.  In 
the  dry  warm  air  the  frog's  temperature  will  not  rise  to  more  than 
about  30°-33°  C.  This  is  owing  to  the  evaporation  of  water  from  the 
fiog's  skin.  Take  the  temperature  of  a  small  mammal  in  the  rectum 
and  then  place  it  in  the  theraiostiit  at  30°  C.  for  10  minutes.  The 
temperatuie  of  the  animal  will  sc^ircely  vary.  Note  the  (luickened 
respiration  of  the  animal.  This  increases  the  evaporation  of  water 
from  the  lungs.  Note  the  way  it  sprawls  out  its  limbs  so  as  to  increase 
the  loss  of  heat  by  radiation,  convection,  and  conduction.  A  man 
cannot  bear  for  more  than  a  few  minutes  immersion  in  a  l)ath  of 
water  at  a  temperature  of  44°  C,  but  he  can  stay  for  twenty  minutes 
in  a  dry  atmosphere  heated  to  l-T  C.  The  btxly  temperature  is 
regulated  by  the  sweating.     It  takes  Tyi)i)  CaU  to  evapoiate  1  gram  of 

"  A  cftlorifi  i«  the  heat  re(|uired  to  raise  1  g.  water  I C  A  large  Calorie  spelt 
•with  a  capital  C  i«  the  heat  required  to  raise  1000  g.  water  V  C. 
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water  at  room  temperature  (15'  C).  Place  two  jars  of  water  in  the 
thermostat,  and  let  the  water  of  one  jar  he  covered  with  a  laj-er  or  oil. 
This  jar,  owing  to  the  pn  vention  of  evaporation,  will  ri.so  more  ((uicklv 
in  temperature. 

Lobs  of  Heat. — Ohserve  the  diminution  in  temperiitiut^  of  a  jar 
of  hoiling  water  wheji  exiH)sed  fc:'  five  minutes  to  room  tempt;rature. 
Contrast  the  diminution  of  temjKjrature  during  similar  |K>rio<ls  of  time 
when  the  jar  is  jacketed  with  (1)  a  cotton  Iwg  (•_')  a  Hauiiel  Kig. 
Clothes  <liminish  the  loss  of  Ixxly-heat  hy  entangling  layers  of 
stationary  air  and  surrounding  the  Ixxly  with  these  layers.  Conductors 
of  heat  and  convection  cunents  are  stopped  by  the  stiitionary  air  in  the 
clothes.  Wool  garments  entangle  more  air  than  cotton.  Fur  and 
feathers  act  in  the  same  way.  A  raliltit  covered  witii  Uir  or  \arnish 
(lies  (unless  clothed)  owing  to  the  loss  of  heat.  A  man  is  able  to 
regulate  his  temperature  under  such  conditions. 

Effect  of  Anaesthesia  on  Body  Temperature.  Dk.munstu.vtion. 
A  small  mammal  is  anaesthetised  with  chloral  or  methane  after  its 
rectal  temperature  has  been  taken.  The  .mimal  is  laid  on  the  table 
with  its  limbs  spread  out.  In  the  course  of  an  hour  the  rectal  tempera- 
ture may  fall  three  or  four  degrees.  This  is  cliieHy  due  to  the  ce.ssjition 
of  muscular  movement.  The  same  ettect  follows  curarisjition  ;  section 
of  the  spinal  cord  in  the  lower  cervical  region  ;  the  administration  of 
alcohol.  Alcohol  pnxluces  cutaiuious  vaso-«Ulatation.  It  is  important 
to  protect  anaesthetised  piiticnts  from  exptjsure  to  c(.'d.  Drunkanls 
who  fall  asleep  on  the  roadside  on  a  winter's  night  are  eiisil.  f..i/en  to 
death. 


NERVOUS  SYSTEM. 

CHAPTER    XXIII. 

THE  FUNCTIONS  OF  THE  CENTRAL  NERVOUS  SYSTEM. 

The  Effects  of  Bemoval  of  both  Cerebral  HemiBpheres. — In  the 
frog  the  cerebral  hemispheres  contain  onl.\  a  single  layer  of  nerve- 
cells  and  have  reached  only  a  very  low  stage  of  development.  If  the 
cerebral  hemispheres  be  destroyed  by  rapidly  compressing  the  anterior 
part  of  the  skull  between  the  blades  of  a  pair  of  Spencer  Wells'  forceps 


Fill,  'to.— Dlagt»m  of  the  frog's  Fio.  itl.— Dlag.-am  of  a  reflex 

brain.      1,    Olfactory   lobe;    2,  arc,  m= the  motoi  nerve  arising 

cerebrum  ;   3,  plne:U  gland ;   4,  from  a  norve-ccU  .n  the  anterior 

thalamcncephafon ;  "j,  optic  lobe ;  horn  of  the  spinal  tord  and  end- 

6,  cerebellum;  7,  fourth  ventricle  ing  by  a  motor  end  plate  in  a 

and  medulla  oblongata.  muscle;    «=tho   sensory   nerve 

arising  from  a  nerve-cell  In  the 
posterior  root  ganglion  and  form- 
ing A  soricH  of  dendrites  aroi'nd 
the  motor  nerve-cell  above  niA 
possesning  a  nensury  nerve  end- 
ing in  the  skin  below. 

there  will  be  no  loss  of  blood  and  the  optic  thalami  will  escape  injury. 
The  first  effect  of  the  operation  will  be  a  general  depression  of  the 
nervous  system,  a  condition  known  as  shock.  This  will  quickly  pass 
off  and  the  brainless  frog  will  show  spontaneous  movements,  will  swim 
if  pLiced  in  water,  will  turn  over  if  placed  upon  its  back,  and  will 
behave  generally  as  a  normal  frog. 
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If,  however,  the  coipon  «tiiaU  and  optic  thaliuni  be  destroyed, 
the  frog  will  show  no  spontaneous  movements,  will  not  feed,  uid  will 
soon  die  unless  the  evaporation  of  water  from  its  skin  be  prevented 
by  placing  it  in  a  shallow  plate  filled  with  water  and  covered  by  a 
bell-jar.  1  m  destruction  of  these  portions  of  the  central  nervous 
system  produces  marked  shock,  but,  after  this  has  passed  off,  the  frog 
will  still  be  able  to  jump,  swim,  maintain  its  equilibrium,  and  perform 
other  complicated  and  co-ordinated  movenienta  when  it  is  stimulated 
in  the  appropriate  manner. 

The  cerebellum  and  medulla  obloagaU  are  now  destroyed  by  passing 
a  blanket-pin  through  the  foramen  magnum  of  the  skull,  and  by 
lateral  movementa  of  the  pin  breaking  -.p  the  nervous  tissue.  The 
frog  now  lies  in  a  limp,  toneless  condition;  shock  is  well  marked, 
and  does  not  pass  off  quickly.  The  respiratory  movementa  of  the 
nares  and  of  the  floor  of  the  mouth  cease.  The  circulation  of  the  blood 
is  disordered  by  the  destruction  of  tho  vasomotor  centre  (page  3.")4). 

The  "Spinal  Animal."— The  frog  now  possesses  only  its  spinal 
cord,  but  it  still  shows  co^)rdinated  movementa.  Ite  hind  legs  possess 
tone,  and  are  drawn  up  against  the  flanks ;  if  one  leg  be  pulled  away 
from  the  body,  or  be  stimulated  by  pinching  a  *o€,  it  will  be  with- 
drawn from  the  source  of  irritation.  The  movementa  are  of  a  reflex 
nature,  a  response  to  a  stimulus  (Fig.  91). 

When  placed  upon  ita  back  such  a  frog  does  not  right  itself,  and 
when  thrown  into  water  it  generally  sinks  to  the  bottom,  and  may  or 
may  not  swim  for  one  or  two  strokes. 

If  such  a  frog  be  suspended  by  the  lower  jaw,  it  does  not  move 
unless  stimulated. 

A  small  piece  of  filter-paper  soaked  in  strong  acetic  acid  will,  if 
placed  upon  the  skin  of  one  flank,  act  as  a 
stimulud,  and  the  leg  of  the  corresponding  side 
will  be  raised  to  wipe  off  the  offending  body.  If 
this  experiment  be  repeated  five  minutes  after 
the  frog  has  been  dipped  in  a  beaker  of  water 
to  remove  the  acid,  and  the  leg  be  held  down 
by  the  hand,  then  the  leg  of  the  opposite  side 
will  be  raised  in  an  apparent  endeavour  to  wipe 
off  the  irritating  piece  of  paper.  The  frog  is 
again  dipped  in  the  beaker  of  water  to  remove 
the  acid. 

Tttrck's  experiment  upon  the  time  of  response 
of  the  spinal  animal  to  a  stimulus  can  now  be 
performed.     A  small  beaker  is  filled  with  dilute  sulphuric  acid  (1  in 


Fio.  9-2.    A  metronome 
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1000),  and  is  gradually  raised  until  the  toes  of  one  of  the  hind  legs 
dip  into  the  acid  ;  this  moment  is  noted,  and  then  the  interval  between 
the  application  of  the  acid  and  the  withdrawal  of  the  toes  is  measured 
by  a  watch  or  a  metronome  (Fig.  92).  After  washing  off  the  acid  the 
experiment  is  repeated  with  acid  of  the  strength  1  in  500.  In  each 
case  the  time  of  response  is  much  longer  than  the  true  time  of  a 
reflex  action. 


CHAPTER   XXIV. 
THE  ACTION  OF  STRYCHNINK  AND  OF  CHLOROFORM. 

Thk  cerebrum  of  a  frog  is  destroyed  by  means  of  Spencer  Wells' 
forceps,  and  then  under  the  skin  of  the  back  are  injected  10  minims 
of  a  saturated  solution  of  strychnine  (I  in  6700).  In  two  or  three 
minutes  it  will  be  noticed  that  the  frofi;  cannot  readily  recover  its 
hind  legs  after  a  jump,  and  soon  the  reflex  excitability  of  the  spinal 
cord  is  so  augmented  that  a  slight  touch  or  puff  of  wind  upon  the 
skin  causes  a  general  spasm  of  the  muscles.  Convulsions  quickly 
follow,  and  the  rigid  body  of  the  frog  rests  on  the  mouth  and  toes, 
a  position  known  as  em/noMotonus.  This  attitude  is  due  to  the 
different  strength  of  the  various  muscles ;  all  are  thrown  into  con- 
traction, but  the  stronger  overcome  the  weaker.  The  muscles  are 
somewhat  relaxed  after  the  spasms,  but  are  again  sent  into  tetanus 
by  the  slightest  touch  applied  to  the  skin. 

The  tonir  contractions  are  followed  by  prolonged  twitches  or  donm.^ 
If  during  the  stage  of  convulsions  a  probe  be  pushed  down  the 
vertebral  canal,  and  thus  the  spinal  cord  be  destroyed,  the  convulsions 
cease  at  once,  showing  that  the  strychnine  acts  upon  the  ganglion 
cells  and  their  dendrites  in  the  spinal  cord.     (See  page  361.) 

The  action  of  strychnine  should  be  contrasted  with  that  of  chloro- 
form. Under  the  skin  of  the  back  of  a  frog,  whose  cerebrum  has 
been  destroyed  by  Spencer  Wells'  forceps,  are  injected  5  minims  of 
chloroform.  The  first  effect  is  one  of  stimulation,  but  this  st^e  of 
excitement  is  quickly  followed  by  marked  inco-ordination  and  weak- 
ness. In  about  ten  minutes  there  is  marked  anaesthesia,  paralysis, 
and  total  absence  of  reflexes.  If  the  frog  be  kept  moist  in  a  shallow 
plate  full  of  water,  and  covered  by  a  bell  jar,  it  may  recover  from 
the  effects  of  the  chloroform  in  about  eight  or  nine  hours. 


THE   PHYSIOUKJY   OF   VISION. 


CHAPTER  XXV. 

THE   DISSKCTION  OF  THK   KYK. 

This  can  be  conveniently  carried  out  on  the  fresh  eye  of  an  ox  or 
sheep. 

1.  Notice  in  the  front  of  the  eye  the  transparent  circular  area,  the 
comes,  continuous  with  the  greyish  opaque  border,  the  sclerotic.  This 
coat  is  continued  over  the  sides  and  back  of  the  eye,  but  will  bo  found 
covered  with  fat.  The  external  eye  muscles  may  be  traced  in  the  fat, 
and  their  tendinous  insertion  seen  in  the  front  of  the  sclerotic.  The 
optic  nerve  will  be  seen  jienetrating  posteriorly.  The  greyish  surface  of 
the  sclerotic  in  front  is  covered  by  a  thin  membrane,  the  conjnnctiTa, 
which  is  continued  as  a  lining  for  the  eyelids. 

2.  Having  removed  the  fat  from  a  portion  of  the  upper  surface  of  the 
eye  so  as  to  expose  the  sclerotic,  make  a  pair  of  incisions  passing  along 
the  surface  from  before  backwards,  and  starting  a  few  millimetres 
behind  the  corneo-sclerotic  junction,  let  these  incisons  meet  posteriorly. 
T  cu  carefully  peel  up  the  sclerotic  towards  the  cornea.  Observe  the 
(lark  underlining  of  the  sclerotic,  the  lamina  fiiHi  a  Note  the  choroid 
now  exposed,  and  anteriorly  observe  that  it  is  covered  by  a  number  of 
pale  fibres  passing  forward  to  the  corneo-sclerotic  junction,  forming  the 
ciliary  muscle. 

3.  Remove  carefully  the  piece  of  the  choroid  lying  exposed,  and  note 
a  pale  membrane  lying  beneath,  the  retina. 

4.  Place  the  eye  in  a  glass  basin  of  water,  and  make  an  incision  right 
round  the  eye  through  all  the  coats,  so  as  to  separate  the  posterior  from 
the  anterior  half.  Examine  the  posterior  half  in  the  water.  Note  the 
thin  retina  floating  away  from  the  choroid,  eccentrically  in  this  the 
optic  disc  where  the  optic  nerve  enters  the  eye,  and  the  blood-vessels 
radiating  from  this  region.  The  vitreous  humour  of  jelly-like  consist- 
ency will  remain  attached  to  the  anterior  half  of  the  eye.  Looking 
through  this,  note  the  crystalline  lens,  at  the  side  uf  this  the  radial 
folds  of  the  choroid  forming  the  ciliary  processes.     The  thick  portion 
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of  the  retina  can  be  trnced  aa  far  aa  these  processes,  where  it  terminates 
wjtli  a  wavy  edge,  the  on  Mmta. 

5.  Kemove  carefully  the  vitreous  humour,  and  note  that  it  adheres 
to  the  ciliary  processes  by  ita  outer  coat,  the  hyaloid  mombrane.  On 
removing  the  vitreous  from  the  more  central  portion,  note  that  it 
apiwars  adherent  to  the  posterior  surface  of  the  lens.  The  posterior 
layer  of  the  lens  capsule  is  continuous  with  the  hyaloid  membrane.  If 
necessary,  cut  away  the  vitreous  humour  so  as  not  to  dislocate  the 

lens. 

6.  Make  a  radial  incision  from  the  edge  of  the  sclerotic  down  to  the 
edge  of  the  lens.  Carefully  separate  the  iris  and  ciliary  region  from  the 
lens,  and  the  aiuponsory  llgamant  will  be  seen  passing  from  the  ciliary 
body  mainly  towards  the  front  surface  of  the  lens.  Carefully  separate 
the  lens  from  this,  ar  the  suspensory  ligament  ( ontinuous  with  the 
capsule  of  the  lens  will  iJoat  up  away  from  the  iris. 

7.  Cut  round  the  upper  half  of  cornea  near  its  junction  with  the 
sclerotic.  The  anterior  chambor  will  be  exjwsed  containing  a  clear 
fluid,  the  aqneouB  htunour.  Note  the  thickness  of  the  corn»a.  At  the 
back' of  the  anterior  chamber  is  seen  the  black  curtain  of  the  iris,  with 
its  central  aperture  the  pupil. 

8.  Notice  that  the  fresh  vitreous  humour  and  lens  when  placed  m 
water  are  not  easily  seen ;  they  have  almost  the  same  refractive  index 
as  water.     After  death  the  lens  slowly  benomes  turbid. 

!).  Hold  up  the  lens  and  look  through  it  towards  a  lighted  match ; 
it  will  give  an  inverted  image. 

10.  Notice  the  segmentation  of  the  lens;  it  is  peculiar,  and  may  be 
roughly  compared  to  a  segmentation  similar  to  that  of  an  orange  com- 
bined with  the  concentric  lamination  of  an  onion. 


I 


CHAPTER  XXVI. 
THE  REFRACTINtJ  MEDIA  OF  THE  EYE. 

Kiilme's  Artificial  Eye.— The  nature  of  the  refraction  produced  by 
the  various  media  of  the  eye  is  conveniently  illustrated  by  means  of 
this  instrument  (Fig.  93).  It  consists  of  an  oblong  box,  one  of  the 
long  vertical  sides  being  generally  made  of  opaque  material,  the  other 
of  glass.  The  front  end  of  the  box  is  bounded  by  a  curved  glass 
surface,  the  hinder  end  is  a  plane  sheet  of  glass.  Various  accessories 
are  supplied  with  the  instrument,  such  as  a  double  convex  lens  which 
can  be  placed  in  the  axis  of  the  box  behind  the  cornea,  a  frosted  glass 
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screen  which  in  iis«.|  an  a  receiving  surface  for  the  refracte<l  rayi,  an<l 
an  opaque  screen  with  a  central  hole. 

The  box  is  first  filled  with  wat«r,  and  in  onler  to  mak>>  rays  of  light 
the  clearer,  a  few  drops  of  some  fluorescent  solution  (<-.,/.  eosin)  are 
added  to  the  water.  An  external  luminous  object  is  then  arranged. 
This  may  W-  conveniently  done  by  placing  a  metnl  plate,  in  which  a 
vertical  arrow  has  been  stencille.1  out,  in  fn.nt  of  a  gowl  source  of  light, 
such  as  the  naked  arc  light  of  an  electric  projecting  lanteiii.  with  the 
condenser  and  focussing  lens  remove.1.  This  stencilled  plate  is  placed 
four  or  Jive  feet  from  the  front  of  the  instrument. 


"El 


It: 


Kio.  U3.— Kithne'a  iirtiflclal  eyt. 

1.  The  Action  of  the  Comea»— If  the  illuminated  arrow  be  placed 
approximately  in  the  optic  axis  of  the  artificial  eye,  the  rays  of  light 
will  be  seen  passing  through  the  box  and  converging  somewhat  in  their 
progress,.  If  the  frosted  glass  screen  be  placed  in  the  box,  1m.  ■  .er  far 
back  it  be  arranged,  no  image  of  the  arrow  will  be  obtained.  If,  how- 
ever, a  screen  be  placed  some  distance  behind  the  box  an  image  will  !« 
formed.  We  have  here  illustrated  the  fact  that  without  some  specially 
strong  refracting  medium  in  the  eye,  external  objects  would  be  focussed 
behind  the  position  of  the  retina  and  therefore  not  clearly  visible.  This 
IS  the  case  after  the  operation  for  cataract  in  which  the  crystalline  lens 
is  removed. 

-'.  The  Action  of  the  CryBtalline  Lena.— Let  the  double  convex  lens 
supplied  be  now  placed  in  the  box  at  the  front  end.     This  at  once 
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cuuRon  a  much  greater  convergence  of  the  rays,  an.l  it  will  be  i^wible 
to  obtain  an  image  of  the  arrow  ujnin  the  froated  glaw  acrcen.  when 
this  is  placed  about  three  inches  from  the  hinder  end  of  the  box.  This 
image  may  be  easily  seen  on  looking  obliquely  through  the  glass  end,  or 
may  be  projected  by  a  convex  lena  on  a  lantern  screen  sufficiently  clear 
for  a  number  of  observers  to  see. 

3.  Tbe  Action  of  the  Iri«.  The  iris  improves  the  definition  of  the 
image  by  cutting  out  the  more  circumferential  rays  which  in  consequence 
of  spherical  aberration  would  not  »«  focussed  in  the  same  plane  as  the 
more  central.  If  the  opa<|ue  screen  havinj?  a  central  hole  about  an 
inch  and  a  half  in  diameter  be  placed  in  front  of  the  convex  lens  th« 
total  amount  of  light  passing  l)ehind  the  lens  is  decreased,  but  the 
image  is  now  much  more  sharply  defined. 

4.  The  Position  of  the  IniMe— I*  *»•!  *>«  noticetl  that  if  the  illuminated 
arrow  point  upwards  the  image  on  the  artificial  retina  will  point  down- 
wards. Images  on  the  retina  are  therefore  always  inverted,  the  lower 
hali  of  the  retina  corresponding  to  the  upi)er  half  of  the  field  of  visioii 
and  conversely.  By  experience  we  always  refer  images  on  the  retina  to 
their  proiwr  position  in  ihe  field  of  vision.  This  rectification  corre 
spends  to  what  is  done  by  the  second  convex  lens  in  projecting  the 
retinal  image  upon  the  lantern  screen.  The  etfect  of  this  second  lens  i? 
to  re-invert  the  image,  so  that  on  the  lantern  screen  the  image  appears 
in  the  same  position  as  in  the  original  object. 

.-).  Accommodation.— It  is  not  possible  with  the  artificial  eye  to 
mimic  the  changes  that  occur  in  the  lens  on  accommodation.  A  clear 
image  of  objects  at  different  distances  can  only  be  obtained  by  shifting 
the  artificial  retina  backwards  or  forwards. 

ACCOMMODATION. 

1.  The  eye  is  able  to  see  objects  at  varying  distances  from  the 
eye.  It  has  the  i^wer  of  adapting  itself  so  as  to  form  a  clear  image 
on  the  retina  of  different  objects.  Unless  the  eye  had  this  power 
images  of  external  objects  at  different  distances  would  not  always  be 
formed  at  a  constant  distance  behind  the  crystalline  lens,  where  the 

retina  is  situated. 

Experiment.  Standing  about  15  feet  from  a  window  and  looking 
towards  it,  hold  up  a  needle  about  two  feet  from  the  eye.  If  the 
needle  be  seen  clearly  the  window  sashes  will  be  blurred,  since  the 
image  of  these  will  be  in  front  of  the  retina.  If  the  window  sashes  be 
looked  at  and  seen  clearly  then  the  needle  will  be  bluried,  since  the 
image  of  this  is  behind  the  retina. 

2.  Bange  of  Accommodation.      Determination  of  Near  and  Far 
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Point*  of  Accommodation.    Lino  of  Accommodation.  -At  a  ccrtuin 
distance  clott!  tu  the  eye  the  |)ower  of  acconiiiKMlatiun  in  lost. 

Kxi'KKiMKNT  I.  Hold  u  iiovillo  ulMUit  'i  feet  from  the  eye  anil  cra*lii 
ally  hring  it  nearer  ;  it  in  for  a  certain  time  imtsihlc  to  obtain  a  clear 
intake.  At  n  certain  dittance,  in  spite  of  effort,  th«>  image  hegins  to 
fjft  )>lurrfd.  The  least  distance  at  which  one  ohtuiiiM  u  clear  virion  of 
the  needle  rorresponds  to  the  nfur  jmnf  of  accomnxHlation.  This  is 
>;eneriil'y  about  8  inch«'s.  In  short  Highted  |M'rsv)n»  a  fm-  jmlut  of 
accommodation  may  aUo  lie  shown.  If  th«>  distance  between  the  two 
objects  ))«•  not  too  great,  although  they  are  both  in  the  line  of  Higiit, 
they  may  be  seen  clearly  at  one  and  the  sume  time.  That  is  to  say 
that  accommo<lation  of  a  certain  degree  wiii  enabli>  the  observer  to  see 
objects  at  varying  distances  from  the  eye.  The  maximum  distance  at 
which  two  objects  in  the  line  o  sight  may  l)e  sepa  ed  will  vary  with 
the  distance  of  the  nearer  of  tliem  to  the  eye.  .Xs  the  nearer  object 
rece<le.s  from  the  eye  tho  line  of  accommodation  or  the  diistance  between 
the  two  objects  increases. 

Exi'KRlMKST  II.  Place  two  pins  in  thi?  line  of  sight  and  note  the 
distance  apart  at  which  they  Te  both  visDjIe  as  single  objects  at  t  le 
same  time.  Make  observations  with  the  iiearfir  at  20  cm.,  50  cm.,  2  m. 
It  will  be  foun<l  that  the  line  of  accommodation  lengthens  with  a 
greater  distance  from  the  eye. 

li.  Formation  of  Image  in  Excised  Eye.— The  excised  eye  is  accom- 
modated for  objects  at  a  distance. 

E.VPKRIMKNT.  Remove  the  sclerotic  and  choroid  from  a  fresh  sheep 
eye,  and  place  it,  cornea  outwards,  „  the  end  of  a  cylinder  of  brown 
paper.  Direct  it  towards  the  window,  and  on  looking  down  the  tube 
an  inverted  image  of  the  window  will  be  seen. 

This  experiment  can  be  still  more  easily  performed  on  the  eye  of  a 
freshly-killed  albino  rabbit,  which,  for  convenience  of  handling,  should 
be  fixed  in  a  ring  of  modelling  wax  or  clay.  Ii  this  case  the  sclerotic 
and  choroid  are  sufficiently  thin  to  obviate  tiie  necessity  for  their 
removal. 

4.  Action  of  Iris  in  Accommodation,  and  its  Changes  with  Variations 
in  Amount  of  Light. — The  iris  cuts  off  the  more  peripheral  rays  imping- 
ing on  the  cornea,  otherwise  the  clearness  of  the  image  on  the  retina 
would  be  diminished.  This  is  especially  the  case  when  viewing  near 
objects,  as  here  the  angle  of  incidence  of  the  circumferential  rays  is 
greater. 

KxPKHlMKNT  F.  In  not  too  bright  a  light  direct  the  subject's  attention 
from  a  far  to  a  near  object.  It  would  be  noticeil  that  the  pupil  becomes 
smaller. 
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ExPERiMKNT  II.  Make  the  subject  close  one  eye  and  shade  the 
open  eye  from  the  direct  light.  Observe  the  size  of  the  pupil  when  the 
eye  is  shaded.  Then  remove  the  shade ;  the  pupil  will  be  seen  to 
diminish  in  size.  From  this  experiment  it  may  be  inferred  that  the 
amount  of  light  entering  the  eye  is  controlled  by  the  iris. 

Experiment  III.  Make  a  pinhole  near  the  edge  of  a  card,  and  hold 
the  card  about  fifteen  centimetres  from  the  right  eye,  so  that  it  does  not 
interfere  with  the  field  of  the  light.  Let  a  good  source  of  light  be 
placed  about  60  centimetres  from  the  eye,  and  allow  a  thin  paper-screen 
to  shield  the  light  from  the  right  eye.  The  left  eye,  when  open,  will  look 
directly  at  the  light,  the  right  eye  at  the  pinhole,  and  the  illuminated 
paper  through  the  hole.  Close  the  left  eye,  and  accommodate  as 
nearly  as  possible  for  the  distance  of  the  pinhole.  Note  the  size  of  the 
hole.  Then  alter  the  accommodation  by  attempting  to  look  far  away 
through  the  pinhole.  The  hole  will  immediately  become  distinctly 
larger,  though  less  definite,  on  account  of  the  blurring  of  the  edges. 
Keep  varying  the  accommodation,  and  the  edge  of  the  hole  will 
similarly  vary. 

Whilst  accommodated  for  far  distance  open  the  left  eye.  The 
sudden  entry  of  light  in  the  left  eye  will  cause  reflexly  a  diminution  in 
iize  of  both  pupils.  The  pinhole  will  now  become  smaller.  Close  the 
left  eye  again  and  it  enlarges.  The  size  of  the  blurred  image  of  the 
pinhole  depends  upon  the  size  of  the  pupil,  and  hence  variations  in  size 
of  the  pupil  appear  as  variations  in  size  of  the  pinhole. 

').  The  changes  in  the  Lens  during  Accommodation.  Purkinje  Sanson 
Images.— During  accommodation  for  a  near  object,  the  ciliary  muscle 
contracts,  with  the  consequence  that  the  suspensory  ligament  is 
slackened.  The  lens  by  its  natural  elasticity  becomes  more  curved 
in  its  anterior  aspect,  and  its  thickness  through  the  optical  axis  is 
increased.  This  change  of  curvature  can  be  measured  by  means  of  the 
ophthalmometer.  The  existence  of  such  a  change  may  be  inferred 
from  the  following  experiments  in  which  observations  are  made  upon 
the  images  reflected  from  the  anterior  surface  of  the  cornea,  the 
anterior  surface  of  the  lens,  and  the  posterior  surface  of  the  lens. 

ExPEKiMKNT  I.  (FuELiMi.VAKY).  In  a  dark  room  place  on  a  table, 
rather  to  the  right  of  the  observer,  a  convex  lens  mounted  on  a  stand. 
Hold  a  watch  glass  a  few  inches  in  front  of  the  lens,  with  the  convex 
surface  of  the  glass  forward.  Still  more  to  the  right  let  a  lighted 
candle  be  placed.  The  candle  and  the  observer's  eye  should  be 
symmetrically  arranged  on  either  side  of  the  optic  axis  of  the  lens  and 
watch  glass.  Observe  the  images  reflected  from  the  surface  of  (a) 
the  watch  glass  ;    (/-)  the  anterior  surface  of  lens  ;    (r)  the  posterior 
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surface  of  lens.  The  images  at  («)  and  (b)  are  erect ;  at  (r)  is  inverted  ; 
the  image  at  (b)  appears  to  be  the  most  deeply  situated  of  the 
three. 

Experiment  II.  In  a  darkened  room  let  the  observer  bring  a 
lighted  candle  near  the  eye  of  the  subject,  rather  to  one  side  of  his 
optic  axis.  The  observer  places 
himself  so  that  his  eye  is  sym- 
metrical in  position  to  the  candle 
on  the  other  side  of  the  optic  axis 
of  the  subject.  When  properly 
adjusted  there  should  be  observed 
reflected  from  the  eye  of  the  sub- 
ject three  images  the  first  bright 
and  erect,  reflected  from  the  cornea  ; 
a  second  near  the  centre  of  the 
pupil,  but  much  feebler  than  the 
first,  and  apparently  the  most 
deeply  situated  of  all  the  images, 
this  being  reflected  from  the  an- 
terior surface  of  the  lens  ;  a  third 
image  represented  by  a  mere  spot 
of  light  differs  from  the  other  two 
in    being    inverted.      If    now   the 
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accommodation  of  the  subject  be  shifted  from  a  far  to  a  near  point, 
the  middle  image  will  advance  but  grow  smaller,  and  will  approach 
the  corneal  image.     The  other  images  do  not  alter. 

During  varying  accommodation  it  is  found  that  this  image  is  the 
only  one  to  change,  thus  indicating  that  the  change  is  in  tho  anterior 
surface  of  the  lens. 

Experiment  III.— The  Phakoscope.— This  instrument  is  specially 
adapted  for  viewing  the  reflected  images  of  Experiment  II.  It  is  repre- 
sented in  Fig.  94.  Fig.  9.5  represents  diagrammatically  the  arrange- 
ment and  course  of  the  rays  of  light.  It  consists  of  a  dark  box,  rouglily 
triangular  in  shape,  with  the  angles  of  the  triangle  bevelled  off,  and 
at  S  and  (>  fitted  with  windows  (Fig.  95). 

Tiie  observer's  eye  is  at  0,  the  subject's  at  S.  At  C  two  prisms  are 
arranged  vertically  so  as  to  allow  two  illuminated  squares  to  fall  upon 
the  eye  at  S.  The  eye  at  .V  can  either  be  focussed  for  the  vertical 
needle  at  //',  or  (since  this  lies  in  an  opening)  for  distant  objects  Iteyond 
the  opening.  With  the  alteration  of  the  lens  corresponding  to  the 
change  of  accommodation,  the  images  from  the  anterior  surface  of 
the  lens  will  vary  as  in  Experiment  II. 
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6.  The  Protrusion  of  tlie  Lens  during  Accommodation  for  near 
objects. — The  actual  bulging  forward  of  the  lens  during  accommodation 
for  near  objects  may  be  <«een  in  the  following  experiment. 

ExPKRiMKNT.  Using  only  one  eye,  let  the  subject  of  the  experiment 
have  arranged  in  the  optic  axis  two  objects,  one  about  ten  inclics,  the 
other  distant.  The  observer  takes  a  position  so  as  to  view  the  subject's 
eye  in  profile,  but  somewhat  obliquely,  so  that  he  can  just  see  the 
further  side  of  the  iris.  When  the  subject's  eye  is  accommodated  for 
the  near  object,  more  of  the  pupil  shows  and  the  further  side  of  the  iris 
becomes  narrower.  This  is  obviously  the  result  of  bulging  forward 
of  the  lens.  This  is  independent  of  the  variation  of  the  diameter  of 
the  pupil  for  the  diiferent  objects. 


Fi(^  !'5.— lHiK»"."n  u'  the  counte  i>f  the  ray*  of  light  in  the  phakoscope. 

7.  Scheiner's  Experiment. — If  the  eye  be  accommodated  for  an 
object  at  any  particular  distance,  the  effect  of  preventing  the  retina 
receiving  all  the  rays  from  the  object  (as  by  a  screen  with  holes 
pricked  in  it  and  held  close  to  the  cornea),  is  simply  to  diminish  the 
brightness  of  the  image,  on  account  of  the  lessening  of  the  amount 
of  light  entering  the  eye.  Any  object  at  a  distance  for  which  the  eye 
is  not  accommodated  will  form  a  blurred  image  on  the  retina,  and  if  rays 
from  the  object  by  this  partial  screening  of  the  retina  have  several  paths 
by  which  to  impinge  on  the  retina,  there  will  be  formed  upon  the 
retina  as  many  blurred  images  as  there  are  openings  in  the  screen. 
When,  however,  the  eye  is  accommodated  for  this  second  object,  these 
blurred  images  fade  into  one  clear  image. 

ExPKRiMKNT  I.  To  form  a  screen  take  a  thin  piece  of  cardboard  and 
prick  two  holes  in  it,  separated  by  less  than  the  diameter  of  the  pupil. 
About  one-sixteenth  of  an  inch  will  answer.  Place  in  a  strip  of  wood 
about  a  yard  long  two  vertical  needles,  distant  eight  and  twenty-four 
inches  from  the  eye.  Close  one  eye  and  with  the  other,  holding  the 
screen  close  tu  curnea,  look  at  one  of  the  needles.     The  other  ueeu.^ 


KLEMKNTAHY    EX  PER  IM I  ATA  L   FHYSlOF.iK;  Y  I  or. 

will  be  also  seen,  but  represented  by  a  double  blurred  inia-;e.  If  the 
Jiiore  distant  needle  be  accommodated  for,  a  double  blurred  imajje  ..f 
the  nearer  will  be  obtained.  Covtr  one  of  the  holes  in  the  screen 
with  another  card.  If  the  right  hole  be  covered  the  left  blurred 
image  will  disappear,  and  conversely.  Let  the  eye  be  now  acconuno- 
<lated  for  the  nearer  image.  A  double  blurred  image  of  the  more 
distant  needle  will  be  seen.  If  the  right  hole  of  the  screen  be  now 
covered  the  right  blurred  image  will  disappear,  and  conversely. 

ExFKiuMENT  II.  A  slight  modification  of  tlii^  experiment  and  the 
material  requisite  is  provided  in  the  Milton  Bradley  Psen.loptics, 
Section  I.,  ex\>.  4. 

Exi'EKiMKNT  III.  Experiment  I.  can  be  most  instructively  performed 
with  Kiihne's  Artificial  Eye.  A  special  screen  for  the  experiment 
is  provided  in  which  one  hole  is  covered  with  red  mica.  Accommo- 
dation for  the  different  distances  is  provided  by  shifting  the  retinal 
screen  backwards  or  forwards,  and  the  illuminai-  t  arrow  can  be  used 
as  an  external  object.  It  is  found  that  if  the  screen  be  shifted  forward 
.so  as  to  accommodate  for  objects  beyond  the  arrow,  that  two  blurred 
images  of  the  arrow  obtain.  Covering  either  hole  will  block  either 
image.  But  when  the  eye  is  accommodated  for  a  more  distant  object  it 
will  be  observed  that  covering  the  left  hole  removes  the  left  'irtin.,! 
image.  If  the  images  be  projected,  as  before,  on  the  lantern  screen, 
the  opposite  image  will  of  course  be  removed.  The  apparent  contradic- 
tion between  Experiments  I.  and  III.  is  obviously  due  to  the  fact  that 
in  I.  the  images  are  referred  to  the  field  of  vision,  in  III.  (without  the 
use  of  further  projection  on  the  lantern  screen)  they  are  actually  viewed 
as  formed  on  the  retina. 

Exi'KRiMENT  IV.  The  near  point  of  accommodation  can  be 
cmveniently  ascertained  by  noting  the  least  distance  at  which  a  single 
image  of  a  needle  can  be  seen,  when  using  the  perforated  screen  "of 
•Scheiner's  experiment. 

Experiment  V.  In  Experiment  II.  note  that  the  thread  on  which  the 
needle  hangs  remains  clear  as  a  single  thread  for  a  certain  distance  on 
either  side  of  the  needle,  but  that  beyond  this  distance  it  gradually  bifur- 
cates into  a  double  thread.  This  singleness  of  the  thread  corresponds 
to  the  length  of  the  line  of  accommodation.  (.See  ExperimeJt.  II., 
page  101.) 
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THK   RKTIXA. 

1.  The  Blood-vessels  of  the  Eetina.— The  blood-vessels  suppiyrng 
the  retina  are  di  ?tributed  to  the  anterior  portion  of  the  retina,  the  raain 
vessel  entering  the  eyeball  at  the  spot  where  the  optic  nerve 
passes  in.  These  blood-vessels  then  lie  between  the  vitreous  and  the 
sensitive  part  of  the  retina,  and  under  certain  circumstances  they 
may  throw  shadows  upon  this  portion  of  the  retina. 

EXPKRIMENT  I.  PurkiAJe's  Figures.— Make  the  subject  of  the 
experiment  turn  one  eye  inwards,  and  with  a  lens  concentrate  a  good 
light  upon  '  exposed  sclerotic,  focussing  the  light  so  as  to  make  a 
small  but  sii  ongly-illuminated  area.  Let  the  subject  look  towards  a 
dark  wall,  (jive  the  lens  a  gentle  rocking  or  circular  movement.  The 
field  will  appear  to  the  subject  as  reddish-yellow,  and  dark  figures  will 
be  seen  by  the  subject  appearing  in  the  field,  which  branch  and  have 
the  character  of  the  retinal  blood-vessels,  of  which  they  are  really  the 
shadows.  In  the  direct  line  of  vision  a  small  area  will  be  seen  free 
from  these  branching  shadows.     This  is  the  yellow  spot. 

ExPERiMKNT  II.  Through  a  pinhole  in  a  card  held  close  to  the  eye, 
look  at  a  brightly  and  evenly-illuminated  surface,  as  a  white  cloud  or  a 
sheet  of  thin  white  paper  held  in  front  of  a  lamp.  Give  the  card  an 
up-and-down  movement,  and  a  number  of  vessels  will  be  seen  running 
horizontally  in  general.  Move  the  card  from  side  to  side,  and 
vertically-running  vessels  will  be  apparent.  Give  the  card  a  circular 
movement  and  the  general  distribution  will  be  visible.  Note  that  in 
the  direct  line  of  vision  is  a  small  area  in  which  no  vessels  are  seen, 
the  macula  lutea  or  yellow  Sj.jt. 

ExPERiJiKNT  III.  Kemove  the  objective  from  a  microscope,  arrange 
the  mirror  for  a  good  light,  and  move  the  microscope  in  the  same  way 
as  the  card  was  moved  in  Experiment  II.  The  results  will  be  as  in  that 
experiment. 

In  all  these  experiments  the  movement  of  the  light  or  the  illuminated 
field  is  essential.  The  retina  appreciates  these  shifting  shadows  better 
than  if  they  were  continually  applied  to  any  fixed  point  of  its  surface. 
Further,  a  moving  object  will  arouse  attention  more  readily  than  one  of 
constant  position,  which  tends  to  be  neglected. 

2.  The  Circulation  in  the  Blood-vesselB  of  the  Betina.— Expkri- 
MKNT. — Look  through  a  thick  piece  of  blue  glass  at  a  white  cloud. 
Many  finely-illuminated  points  will  be  seen  traversing  the  field.     These 
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again  are  followed  by  slight  shadows.  Fix  the  gaze  and  note  that 
these  points  move  in  constant  directions.  They  probably  represent 
small  local  collapsings  of  fine  capillary  blood-vessels,  caused  by  tem- 
porary clogging  of  the  red  corpuscles.  The  re -filling  of  the  vessel 
brings  about  the  shadow  following  the  bright  point. 

3.  The  Blind  Spot.— A  certain  region  of  the  retina,  to  the  inner  side 
and  somewhat  below  the  macula  lutea,  is  insensitive  to  light,  inasmuch 
as  the  optic  nerve  here  enters  the  eyeball,  and  the  layer  of  the  retina 
which  reacts  to  the  stimulus  of  light  is  here  absent.  This  insensitive 
region  is  spoken  of  hs  the  optic  disc  or  blind  spot. 

Experiments  showing  the  nature  of  the  blind  spot  mav  be  con- 
veniently carried  out  with  the  material  in  Section  I.  of  the  MUtcn 
Bradley  Pseadoptics  series. 

EXPKRIMK.\T  I.  Using  cards  H.2,  or  H.3,  close  the  left  eye  and  fix 
the  gaze  of  the  right  eye  on  the  cross.  At  a  distance  of  about  eighteen 
inches  the  trio  in  H.2  or  the  red  disc  in  H.3  will  disappear. 

Exi'ERiMKNT  n.  Arrange  the  cards  H.4  and  H.5  at  such  a  distance 
that  when  the  left  eye  is  closed  an.l  the  right  eye  gazes  at  the  cross, 
the  house  in  H.4  or  the  red  spot  in  H.")  falls  on  the  blind  spot.  It  will 
be  found  that  similarly,  with  the  right  eye  closed  and  the  left  eye 
fixating,  the  cross,  the  church,  and  the  yellow  disc  will  be  invLsible 
Having  found  the  proper  distance,  open  both  eyes  and  place  the  card 
H.4x  close  to  the  nose  and  in  the  plane  of  the  septum  of  the  nose  It 
will  be  found  that  when  the  gaze  is  directed  to  the  cross  the  surface  of 
the  cards  appears  uniformly  white. 

E-XPKRiMKNT  III.     If  a  dot  and  a  cross  be  drawn  about  four  inches 
apart,  the  dot  being  about  half-an-inch  above  the  horizontal  level  of 
cross,  and  if  then  the  left  eye  be  closed  and  right  eye  gaze  at  the  dot 
at  the  distance  of  about  a  foot,  the  cross  will  be  invisible,  as  its  ima-e 
fall  he  blind  spot.  " 

any  image  fall-  upon  the  blind  spot  it  is  invisible.  By  imagina- 
tion ///  in  this  u...m  of  any  image  falling  upon  the  retina  by 
sensations  siriilar  to  those  in  the  neighbouring  regions.  This  is  well 
illustrated  in  the  following  experiments. 

EXPKRIMENT  IV.  Using  the  cards  H.6,  H.7,  H.S,  and  H.9,  and 
ascertaining  the  distance  at  which  they  should  be  placfd,  a.s  in 
Experiment  I.,  notice  that  when  the  coloured  discs  fall  upon  the  blind 
spot,  the  place  of  the  discs  is  taken  by  a  combination  of  the  back-round 
on  which  the  discs  lie.  In  H.'J  in  particular  there  .seems  no  br^eak  in 
the  chequered  pattern  forming  the  background  to  the  red  disc. 

The  blind  spot  may  be  mapped  out  with  ease  in  the  following 
manner.  ° 
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Exi'KKlMKNT  V.  Let  the  head  rest  in  a  fixed  position,  as  by  placing 
the  chin  in  a  tin  ni\ig,  and  place  a  sheet  of  white  paper  vertically  in 
front  of  it  at  a  distance  of  eighteen  inches.  Put  a  dot  in  the  centre  of 
the  paper  Close  one  eye  and  with  the  other  fixate  the  dot.  Take  a 
thin  strip  of  white  card-board  and  blacken  about  two  millimetres  of  the 
end.  Move  the  blackened  end  over  the  region  of  the  field  of  vision 
corresponding  to  the  blind  spot,  and  note  the  points  where  the  black 
area  disai)pear8,  marking  them  on  the  white  paper.  A  sufficient 
number  of  these  points  can  be  taken,  and  a  curve  drawn  through  them 
will  indicate  the  margin  of  the  field  of  the  blind  spot. 

4.  The  Yellow  Spot.— The  experiments  performed  to  exhibit  the 
retina!  circulation  have  shown  that  there  is  a  certain  region  in  the 
direct  line  of  vision  where  the  retinal  blood-vessels  are  not  visible. 
This  region  's  coloured  by  a  pigment  which  absorbs  the  blue  and  green 
of  the  spectrum,  and  therefore  appears  of  a  reddish-yellow  colour  and 
is  called  the  yellow  spot. 

ExPKRiMENT.  Take  a  flat-sided  bottle  cont-.Ining  a  fairly  strong 
solution  of  chrome  alum,  or  use  a  sheet  of  p>..rple  or  violet  gelatine. 
Look  with  one  eye  closed  through  the  coloured  medium  at  a  bright 
white  surfiice.  A  rose-coloured  oval  spot  will  appear  in  the  centre  of 
tiie  field.  The  pigment  of  the  yellow  spot  absorbs  the  blue  and  green, 
and  transmits  the  rest,  and  hence  the  predominant  red  tinge  imparted 
to  the  area  corresponding  to  the  macula  lutea. 

.5.  AcutenesB  of  Vision  in  different  Begions  of  the  Eetina.— In  order 
to  differentiate  similar  objects  grouped  closely  together  it  is  necessary 
that  these  sho\dd  subtend  an  angle  of  a  certain  magnitude  with  respect 
to  the  eye.  To  be  more  precise,  the  angle  subtended  is  at  the  nodal 
point  of  the  schematic  eye,  and  this  angle  again  is  equal  to  that  sub- 
tended at  the  nodal  jmint  by  the  image  of  the  differentiated  objects  on 
the  retina.  In  order  that  objects  be  differentiated  it  is  apparently 
necessa'-y  that  their  contiguous  margins  and  the  space  between  should 
form  an  image  on  the  retina,  which  is  of  certain  length.  Helmholtz 
found  that  a  subtended  an.cle  of  63-75",  equivalent  to  a  retinal  distance 
of  00463  mm.,  was  necessary  for  discrimination.  As  far  as  this 
method  of  investigation  is  concerned  it  appears  to  connect  visual  acuity 
with  the  distribution  of  the  cones. 

ExrERiMENT  I.  Set  up  in  a  good  light  the  parallel  line  diagram  used 
in  the  experiment  oa  chromatic  aberration  (Experiment  III.).  Or 
arrange  a  series  of  five  black  wires,  separated  by  their  own  diameter, 
against  the  sky.  Walk  backward  from  either  of  these  objects  till  they 
can  just  be  no  longer  discriminated.  Calculate  the  size  of  the  retinal 
image. 
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The  visual  acuity  diminishes  rapidly  on  the  retina  as  we  recede  from 
the  fovea.  The  diminution  is  more  marked  in  the  vertical  than  in  the 
horizontal  meridian. 

Experiment  II.  Place  on  a  card  two  dots,  each  '2  mm.  in  diametei. 
and  separated  by  a  distance  of  2  mm.  Let  the  gaze  be  fixed  on  a  mark 
on  a  vortical  white  sheet  of  paper,  and  let  the  card  be  moved  in  a 
horizontal  meridian  gradually  nearer  the  mark  till  the  two  ilots  can  lie 
discriminated.  Compare  the  vertical  and  horizontal  meridia  i>i  this 
respect. 

The  acuteness  of  vision  at  the  fovea  is  ordinarily  tested  by  noting  the 
distance  at  which  letters,  which  at  a  given  distance  subtend  an  angle  of 
5'  at  the  eye,  can  be  read.  This  method  may  be  applied  either  to 
ascertain  what  error  of  refraction  may  exist  in  the  eye,  or  if  this  be 
absent  or  corrected,  what  the  acuteness  of  vision  in  the  particular  eye  is. 

E.xi'KKiMKNT  III.  Using  Snellen's  or  Jatjger's  test  types,  ascertain 
whether  the  letters  can  be  correctly  name<l  at  the  normal  distance  in  a 
good  light.  If  this  distance  can  be  exceeded  or  if  it  cannot  be  reached 
an  expression  for  the  condition  of  the  acuteness  of  vision  may  be 
written  as  follows : 

J) 
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where  *?  =  distance  at  which  letters  can  be  recognised,  and  />  =  given 
distance  at  which  the  angle  of  5'  is  subtended. 

0.  Mechanical  Stimulation  of  the  Betina.  —  Phosphenes.  —  The 
retina  can  be  stimulated  by  pressure  on  the  sclerotic.  An  image  will 
be  produced  which  is  referred  to  the  opposite  portion  of  the  field 
of  vision. 

ExPKRiMKNT  I.  Close  one  eye  and  turn  it  as  far  as  possible  towards 
the  nose.  Press  with  a  pencil  point  on  the  sclerotic,  through  the  eye- 
lid, at  the  edge  of  the  orbit  on  the  outer  side.  Note  the  circle  of  light 
which  appears  on  the  nasal  side.  The  retina  is  stimulated  just  beneath 
the  pressure  and  the  image  is  referred  to  the  nasal  side  of  the  field  of 
vision. 

ExPERiMKNT  II.  Standing  before  a  light  close  the  eyes  and  move 
them  quickly  from  side  to  side.  When  they  reach  the  extreme  position 
there  will  be  seen  in  front  a  gradually  disappearing  blue  spot  with 
a  yellow  halo.  This  is  due  to  a  mechanical  stimulation  of  the  retina  at 
edge  of  the  blind  spot,  resulting  from  the  eflfect  of  the  movements  on  the 
optic  nerve.  Note  in  which  eye  the  image  is  most  distinct  in  either  of 
the  lateral  movements. 

7.  The  apparent  Inversion  of  Shadows  thrown  upon  the  Betina. — If 
a  beam  of  light  falling  upon  the  retina  be  intercepted  by  some  object 
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close  to  the  cornea,  an  erect  shadow  of  the  said  object  will  be  thrown 
upon  the  retina.  This,  however,  will  be  projected  into  the  field  of 
vision  as  an  inverted  image. 

ExPKKiMKNT.  The  Experiment  No.  6,  Section  I.  in  .Milton  Bradley 
Pseiidoptics,  illustrates  the  nature  of  retinal  shadows  well. 

S.  The  Perception  of  CSoloor  in  the  Peripheral  Portion  of  the  Retina. 
— The  sensibility  of  the  n- tina  for  colour  varies  in  different  zones  of  the 
retina,  and  for  different  colours.  Blue  and  yellow  can  be  recognised  at 
a  greater  distance  from  the  fovea  than  red  and  green.  Still  more 
peripherally  all  colours  appear  as  black,  grey,  or  white. 

KxPKRiMKNT  I.  Milton  Bradley  Pseudoptics,  Section  H,  Experiment 
No.  1,  conveniently  illustrates  the  variation  in  the  sensibility  of  the 
retina  for  colour. 

E.XPKKIMKNT  II.  If  a  perimeter  or  campimetcr  be  used  the 
boundaries  of  the  field  for  the  different  colours  can  be  defined.  (See 
use  of  perimeter.) 

1).  The  Perception  of  Light  in  different  Begions  of  the  Betina.— A 
faint  light  is  often  more  easily  seen  when  its  image  does  not  fall  on  the 
fovea,  but  a  few  degrees  away  from  this.  The  recognition  of  a  light  at 
sea  on  a  dark  night  is  often  facilitated  by  directing  the  gaze  some  ten 
degrees  to  the  right  or  left  of  the  supposed  luminous  object.  Faint 
stars  again  may  be  seen  more  readily  if  not  directly  gazed  at. 

10.  Idio-Betinal  Light. — Let  the  eyes  be  carefully  covered,  but  not 
pressed  on  ;  let  the  observer  be  placed  in  a  perfectly  dark  room.  After 
a  time  the  effect  of  recent  external  light  will  pass  off,  but  still  fine 
clouds  of  light  may  be  seen  passing  over  the  retina.  This  is  supposed 
to  be  due  to  the  action  of  the  blood  on  the  peripheral  jmrtion  of  the 
visual  apparatus. 

11.  After-images. — After-images  may  be  of  two  kiiids,  those  which 
reproduce  the  original  body  in  all  its  brightness,  those  that  are  the 
reverse  in  brightness  to  the  original  body.  The  first  are  called  po8iti7e 
after-images,  the  second  are  negative  after-images.  Positive  after- 
images may  be  either  of  similar  colour  to  the  original  body  or  comple- 
mentary in  colour,  negative  after-images  are  always  complementary. 
They  are  due  to  certain  changes  taking  place  in  the  retina  and  are  best 
observed  in  the  early  morning  after  waking. 

Exi'KHiMENT  I.  Close  the  eyes  for  two  minutes  to  rest  them  and 
then  for  the  briefest  possible  interval  look  at  some  bright  source  of 
light  as  the  lamp  or  the  window,  closing  the  eyes  again.  A  bright 
positive  after-image  of  the  source  of  light  will  be  seen. 

ExPKKiMKNT  II.  Look  at  the  incandescent  filament  through  a  piece 
of  red  glass,  as  in  Experiment  I.     The  positive  after-image  will  appear 
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red.  Again  look  at  the  filament  but  for  »  prolonged  period  of  about 
half  a  minute.  On  closing  the  eyes  the  after-image  will  appear  bright 
but  greenish  in  colour. 

By  an  alteration  of  light  and  dark  backgrounds  the  after-image  may 
be  changed  from  negative  to  positive. 

E.xi'KKiMKNT  III.  Look  at  an  incandescent  lamp  for  half  a  minute 
and  so  get  a  well  marked  after-image.  If  the  eyes  be  directe<l  to  a  white 
surface  the  after-image  will  be  negative,  if  to  a  dark  surface  it  will 
appear  positive. 

EXPERIMKNT  IV.  Note  the  colour  of  the  after-images  in  Experiment 
III.,  and  the  gradual  change  in  colour  which  they  show.  If  the  after- 
images tend  to  fade  blink  the  eyes  several  times  rapidly  and  they  will 
become  more  marke<l.  Notice  especially  the  effect  of  blinking  on  the 
negative  after-image  seen  on  the  white  surface.  It  will  become  during 
the  shutting  of  the  eyes  converted  into  a  positive  after-image. 


Fici.  Ofl.— IMw  for  tho  experiment  on  after-images  of  motion. 

E.\PER1MKNT  V.  Look  at  an  incandescent  lamp  with  the  right  eye, 
the  left  eye  being  closed.  After  the  lapse  of  half  a  minute,  shut  the 
right  eye  and  look  with  the  left  at  a  dot  on  a  white  sheet  of  paper,  as 
far  as  possible  without  blinking.  After  a  time  the  field  will  gradually 
darken  and  a  positive  after-image  will  be  seen.  This  is  really  the  after- 
image seen  with  the  right  eye,  which  is  not  visil)le  till  a  certain  amount 
of  retinal  insensibility  has  occurred  iu  the  left  eye, 

Exi'KKiMKNT  VI.  After-images  of  motion  may  be  shown  l)y  gazing 
at  the  disc  in  Fig.  9G  slowly  rotated  and  then  shifting  the  gaze  to  some 
uniformly  mottled  surface. 
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THK  OJTKAL  DKFKCTS  OK  THK  EYK. 

1.  Spherical  Aberration.— This  is  probably  of  littl.-  conBequenc*'  in 
the  eye,  iw  the  action  of  the  iris  eliminates  it  largely, 

2.  Chromatic  Aberration.— Kays  of  coloured  light  are  refracted 
(litt'erently  according  to  their  position  in  the  spectrum.  Those  of 
shorter  wave  length,  as  the  violet  and  blue,  come  to  a  shorter  focus 
than  do  those  of  longer  wave  length,  as  the  red. 

ExPKBiMKNT  I.  Look  through  the  upper  part  of  a  window  lowcrds 
the  sky.  Pass  a  card  before  the  eye  with  the  edge  parallel  to  the 
upi)er  side  of  the  window  frame.  If  the  canl  lie  passed  from  below 
upwards,  when  it  has  covered  about  half  the  pupil  the  frame  will 
be  seen  to  have  a  border  of  blue.  If  the  card  be  passed  from  above 
downwards,  when  it  covers  half  the  pupil  the  edge  of  the  frame  will  be 
seen  to  have  a  reddish-yellow  fringe.  In  the  first  case  the  less  refracted 
red  constituents  of  the  margin  of  the  white  light  are  cut  off  by  the  card, 
in  the  second  case  tlie  more  refracted  blue  rays. 

ExPKUiMENT  II.  Look  at  the  incandescent  filament  of  an  electric 
lamp.  Pass  a  card  across  the  pupil  with  the  edge  parallel  to  the 
filament.  When  the  ^tlge  of  the  card  is  almost  covering  the  filament, 
the  filament  is  seen  to  1  :.  '  a  red  fringe  on  the  side  nearer  the  card, 
and  a  blue  fringe  on  that  more  remote. 

Experiment  III.  Von  Bezold's  experiment.  Draw  a  series  of 
vertical  parallel  bars  one  millimetre  wide,  separated  from  one  another 
by  a  wiilth  of  one  millimetre.  Look  at  these  lines  with  imiierfect 
accommodation.  If  the  figure  be  placed  about  60  cms.  away,  and 
the  eye  accommodate  for  an  object  («-..'/.  a  pin)  about  20  cms.  away 
from  the  eye,  the  white  intervals  may  become  a  rather  dark  red, 
and  the  black  bars  appear  a  bright  greenish  yellow. 

3.  Astigmatism.— It  is  frequently  the  case  that  the  curvature  of  the 
cornea,  or  lens,  in  the  vertical  meridian  is  greater  than  that  in  the 
horizontal  meridian.  Therefore,  accommodation  for  a  horizontal  bar 
at  a  certain  distance  means  under-accominodation  for  a  vertical  bar 
at  the  sajne  distance.  Persons  who  have  such  a  spoon-shaped  cornea 
are  said  to  suffer  from  regular  astigmatism. 

The  cornea,  or  lens,  may  have  irregular  curvatures  in  various 
mcridia,  resulting  in  irregular  astigmatism. 

Experiment  I.  Adopting  the  method  of  ascertaining  the  near 
point  of  accommodation  in  Scheiner's  experiment  (Experiment  IV., 
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page  105),  olMPFve  the  near  jwinU  of  accommotiation  for  it  pin  hel<l 
\  Jrtically  and  one  held  horizontally.  Note  if  the  distances  are  identical. 
E.vPKRfMKNT  II.  .»raw  a  rayed  figure  a.i  follows  :  First,  .Iniw  two 
lines  intersecting  in  the  centre  «t  right  angles,  and  each  alwut  5  cm. 
long.  Bisect  each  right  angle  l>y  two  other  lines  intersecting  at 
the  same  point,  and  each  of  these  smaller  angles  bisect  further  by 
four  other  lines.  Bring  this  rayed  figure  to  the  near  imint  of  accom- 
modation. Observe  which  of  the  lines  can  be  distinctly  seen,  antl 
which  are  blurred.  It  will  generally  be  found  that  the  horizontal  and 
those  adjacent  will  be  clc.  y  seen,  when  no  effort  will  bring  about 
definition  of  the  vertical. 

EXPEIUHKNT  III.  Using  Kiihne'a  artificial  eye,  place  in  front  of  the 
<omea  the  special  glass  trough  (filled  with  water)  dciigned  for  exhibit- 
ing the  nature  of  astigmatism.  This  has  a  plane  surface  posteriorly. 
The  anterior  surface,  however,  is  that  of  a  cylinder,  curved  in  horizontal 
raeridia  but  not  in  vertical  meridia.  Substitute  for  the  arrow  used  in 
eariier  experiments  as  a  source  of  light  a  stencilled  cross,  each  bar  being 
about  5  cm.  long  and  k  cm.  wide.  Before  introducing  the  astigmatic 
lens,  ascertain  the  position  of  the  retinal  screen  necessary  for  definition 
of  the  luminous  object.  Then  place  the  lens  in  position.  The  image 
will  become  changed.  It  will  be  found  that  the  upper  and  lower  edges 
of  the  horizontal  bar  and  the  ends  of  the  vertical  bar  are  still  distinct, 
but  otherwise  definition  of  the  vertical  bar  is  absent  In  order  to 
obtain  definition  of  the  vertical  bar  it  will  be  necessary  to  move  the 
screen  much  closer,  when  a  reversed  effect  will  we  seen— viz.,  definition 
of  the  vertical  bar,  its  end,  however,  blurred ;  the  end  of  the  horizontal 
bar  clear,  but  its  edges  altogether  undefined.  At  no  intermediate  posi- 
ion  between  the  two  foci  can  a  clear  image  of  the  cross  lie  obtained, 
and  it  will  be  necessary  in  order  to  compensate  for  the  presence  of  this 
lens,  convex  in  horizontal  meridia,  to  introduce  a  second  lens,  plane  on 
ne  surfj'-,  and  concave  in  horizontal  meridia.  This  indicates  the 
method  v;  correction  of  the  defect  in  the  human  eye. 

4.  Errors  of  Befraction.'— In  this  division  of  the  optical  defects  are 
included  the  conditions  of  Myopia  or  short-sight,  Hypermetropia  or 
long-sight.  Presbyopia  or  the  sight  of  old  people. 

The  normal  eye  in  which  the  far  point  of  accommodation  is  practically 
infinity  and  the  near  point  20  cm,  (8  ins.),  is  spoken  of  as  emmetropic. 

Presbyopia.— As  a  result  of  advancing  age  the  power  of  accommoda- 
tion for  near  objects  may  becoiie  diminished.  Parallel  rays  are  still 
focussed  on  the  retina,  but  the  ciliary  muscle  is  unable  to  bring  about 

'  Properly  speaking,  aMtigmatitm  should  be  included  in  this  secti  )n.  We  have 
thought  it  beat,  however,  to  consider  it  in  a  separate  section. 
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•ufticiently  increwed  curvature  of  the  crystalline  leiji  to  accotuniotlate 
for  objects  aa  near  aa  eight  inches.  It  may  here  be  mentioHcl  that  in  the 
normal  eye  continuous  exercise  of  the  full  power  of  accommodation 
rapidly  pro.luces  fatigue.  It  is  impossible  without  fatigue  to  use  more 
than  a  half  to  two-thinls  of  the  full  accommodation  for  any  protracted 
periwl.  The  normal-sightetl  person  instinctively  avoids  placing  near 
objects,  <..'/.  a  book,  closer  to  the  eye  than  aliout  -sixteen  inches. 
Similarly  a  presbyopic  person  whose  near  point  is,  say,  ten  inches,  will 
hold  a  book  at  about  twenty  inches  distance.  Unless  the  illumination 
be  extremely  goo.1  the  small  size  of  the  retinal  image  causes  some  diffi- 
culty to  occur  in  reading.  This,  however,  may  easily  be  corrected  by 
assisting  the  crystelline  lens  through  using  cuiivox  -lasses,  tM'  l.gree  of 
convexity  corresponding  to  the  extent  of  failure  of  accommodating 
power.  These  are,  of  course,  only  necessary  when  looking  at  objects 
close  to  the  eye.  It  may  be  mentioned  here  that  the  distance  of  the 
near  jwint  gradually  increases  from  infancy  to  old  age.  According  to 
Landolt  it  is  about  3  inches  at  10  years  of  age,  4  inches  at  20  years,  SJ 
inches  at  30  years,  almost  li  inches  at  40  years,  16  inches  at  50  years, 
4i  inches  at  60  years,  at  70  years  about  13  feet,  and  at  75  there  is 
practically  no  near  point,  in  other  wonls  the  power  of  accommodation 

is  generally  lost. 

Ametropia. —This  is  a  term  applied  to  all  conditions  of  the  eye  in  which 
the  retina  does  not  lie  at  the  focus  for  parallel  rays.  The  retina  may  lie 
in  front  of  this  focus  when  we  have  the  condition  of  hin>€rmelroi>ia,  or 
behind  when  rnyopui  is  the  result,  or  the  focus  may  be  a  linear  one  for 
any  distant  luminous  point  when  we  have  the  condition  of  astigmatism. 

Hypermetropia.— In  this  condition  the  anteroposterior  axis  of  the  eye 
is  generally  too  short.  By  some  effort  of  accommodation,  distant 
objects  may  form  a  clear  image  on  the  retina,  but  ihe  individual 
suffering  from  this  optical  defect  does  not  possess  sufficient  power  of 
accommodation  to  focus  clearly  near  objects.  Though  the  emmetropic 
condition  with  much  facility  of  accommodation  is  acquired  at  about  the 
age  of  eight  years,  before  this  stage  is  reached  the  eye  is  naturally 
hypermetropic.  A  young  child  with  marked  hypermetropia  and  deficient 
power  of  accommodation  will  in  viewing  near  objects  ('.j/.  reading), 
make  every  effort  with  both  eyes  to  accommodate  for  such  objects.  In- 
cluded in  this  effort  would  Ije  an  exaggerated  action  of  the  muscles  pro- 
ducing convergence  of  the  optic  axes  of  the  eyes,  leading  to  squint,  but 
such  squint  will  frequently  be  removed  on  correcting  the  optical  defect. 

Exi'KRlMENT.  Using  Kiihnc's  artiScia!  eye,  place  the  retinal  screen 
in  the  position  necessary  to  obtain  a  clear  image  of  the  external 
luminous  arrow.     In  this  position  of  the  retina  the  condition  of  the  eye 
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may  lie  reganli^l  m  emtnf tro|)tc.  Now  move  tho  icrfeii  about  an  inch 
tiear«T  the  corneal  surface.  The  lmaj,'e  at  once  becomes  bhjrre.1.  Thin 
ii|>regent«  the  condition  of  the  hy|»ermetropic  eye.  Now  place  in  front 
..f  the  cornea  a  very  weak  convex  lens.  The  image  will  become  much 
.  learer,  ami  with  little  difficulty  a  lens  of  sufficient  converging  jjower 
may  !)»•  chosen  which  will  exactly  correct  the  defect. 

Myopi*.— This  defect  i«  usually  congenital,  the  result  of  the  antero 
posterior  diameter  of  the  eye  being  too  long.  As  a  result  iwrallel  rays 
are  brought  to  a  focus  in  front  of  the  retina,  and  the  eye  cannot  form  a 
clear  image  of  un  object  Iteyond  a  certain  disUnce  (far  jioint  of 
aciommodation).  The  most  common  cause  of  acquired  myopia  in 
liiildren  is  the  reading  of  books  with  insufficient  light.  The  child 
hrings  the  book  close  to  tho  eye  to  get  a  sufficiently  large  image  of  the 
words  and  this  finally  leads  to  a  myopic  state. 

EXPKRIMENT.  Using  again  Kiihne's  artificial  eye,  which,  as  in  the 
last  experiment,  is  first  adjusted  as  the  emmetropic  eye,  shift  tho 
retinal  screen  about  an  inch  away  from  the  cornea.  The  arrow  now 
becomes  blurred  and  the  eye  resembles  the  myopic  eye.  Place  in  front 
of  the  cornea  a  concave  lens.  The  image  will  become  much  clearer  if 
the  degree  of  concavity  corresponds  to  that  of  the  defect.  It  is  neces- 
sary in  this  case  to  use  a  lens  of  dispensive  power  in  order  that  the 
image  may  be  thrown  back  on  to  the  retina. 


■■''i 


CHAPTER  XXIX. 

THE  INSTRUMENT.S  USED  IN  THE  CLINICAL  INVESTIGATION  OK 

THE  EYE. 

The  Measorement  of  the  Field  of  Viiion.-If  the  eye  be  fixedly 
directed  to  some  particular  point  it  is  jjossible  to  see  objects  at  some 
distance  from  this  point.  The  area  in  which  objects  can  be  seen  with  the 
eye  thus  fixated  is  spoken  of  as  the  Jiell  nf  rimm.  With  the  head  fixed 
and  tlie  eye  allowed  to  move  as  far  as  po88il)Ie  in  any  direction  a  much 
larger  area  can  be  viewed.     This  area  is  spoken  of  as  the  feld  of  renard. 

Though  fairiy  satisfactory  results  cati  \ye  obtained  by  using  a  com 
paratively  simple  form  of  apparatus  called  a  campimeter,  it  is  customary 
to  employ  an  instrument  called  a  perimeter  to  obuin  accurate  details  of 
the  extent  of  the  field  of  vision. 

The  perimeter  (see  Fig.  97),  consists  of  a  quadrant  upon  which  a 
v.hite  spot  can  be  moved,  and  this  quadiaiil  can  be  revolved  about  a  line 
continuous  with  the  optic  axis.  At  A'  is  the  chin  rest,  double,  so  as  to 
enable  either  eye  to  be  adjusted  against  0.     The  subject  having  taken 
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his  position  covers  one  eye  and  fixes  the  eye  that  is  to  be  examined  on 
the  mark  at  /.  The  (|uadrant  is  then  placed,  say  in  the  vertical 
meridian,  and  at  the  back  of  the  wheel  which  revolves  with  the 
quadrant  is  inserted  in  the  frame  a  special  chart  adapted  for  recording 


Fm.  i)7.— The  perimeter. 


perimetric  observations.  Starting  at  the  extreme  distance  the  mark  Oh 
is  gradtially  moved  along  the  quadrant  and  at  a  certain  angle  the  white 
spot  will  be  just  visible.  The  angle  indicates  the  limit  of  vision  in 
this  meridian  and  can  be  recorded  on  the  chart.     Similar  observations 
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are  matle  in  other  meridia.     In  this  manner  the  limits  of  vision  in  the 
different  meridia  of  the  field  of  vision  can  be  recorded. 

It  is  of  course  essential  that  the  subject  keep  his  eje  fixed  on /  the 
whole  time  the  spot  is  being  moved. 

The  area  Iwunded  by  a  line  drawn  through  the  limiting  points  in  the 
different  meridia  is  properly  the  area  of  the  field  of  vision.  It  is,  how- 
ever, often  desirable  to  refer  this  area  to  the  retina.  If  the  meridia  be 
inverted,  the  figure  traced  would  then  correspond  to  the  sensitive 
portion  of  the  retina.  It  will  be  found  that  perimeters  are  generally  so 
constructed  that  the  limiting  marks  in  the  different  meridia  are  inverted 
on  the  chart,  so  that  the  latter  becomes  a  chart  of  the  extent  of  the 
sensitiveness  of  tlie  retina.     This  is  indicated  in  the  figure  above. 

The  Ophthalmoscope.— Prior  to  the  invention  of  the  Ophthalmo- 
scope it  was  not  possible  to  view  the  interior  of  the  eye.  The  reason 
of  this  is  that  when  the  interior  is  illuminated  an  image  of  the  source 
of  illumination  is  formed  in  the  retina,  and  the  reflected  light  passing 
from  the  illuminated  area  out  again  from  the  eye  will  be  subject  to  the 
refracting  mechanism  of  the  eye, 
and  form  a  small  image  in  the 
line  of  incidence  of  the  source 
of  light. 

The  Ophthalmoscope  (Fig.  98) 
is  really  a  contrivance  to  enable 
an  observer  to  direct  his  vision 
along  the  axis  of  the  pencil  of 
light  illuminating  the  subject's 
eye,  and  thereby  to  enable  him 
to  receive  light  reflected  from 
the  retina  of  the  subject,  in  other 
words,  to  actually  see  the  illumi- 
nated retina.  The  instrument 
consists  essentially  of  a  mirror, 
in  which  is  a  central  aperture. 
The  mirror  is  arranged  so  as 
to  reflect  light  from  some  source 
through  the  pupil  into  the  in- 
terior of  the  eye.     The  observer, 


Ft*.,  '.ts. — OphtlialtiiuMCDpc'f. 


looking  through  the  central  aperture,  is  able  to  view  the  illuminated 
posterior  wall  of  the  eye. 

Two  methods  are  usually  adopted  of  using  the  ophthalmoscope,  one 
being  known  as  the  direct,  the  other  as  the  indirect.  In  the  first  case 
there  is  obtained  an  erect  view  of  a  small  area  of  the  retina,  magnified 
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about  thirteen  times ;  in  the  second  case  a  less  magnified  and  inverted 
view  is  obtained  of  a  larger  area  of  the  retina. 

The  Direct  Method. — The  source  of  h'ght  is  placed  at  the  side  of  the 
head  of  the  subject,  so  that  no  light  falls  directly  on  the  cornea.  The 
mirror,  which  is  somewhat  strongly  concave,  is  heH.  a  few  inches  from 
the  subject's  eye,  and  is  so  tilted  that  light  is  directed  into  the  pupil. 
The  observer  uses  his  left  eye  to  examine  the  subject's  left  eye,  and 
similarly  his  right  eye  for  the  subject's  right  eye.  By  bringing  the 
light  very  close  to  the  mirror,  and  this  again  close  to  the  eye,  the 
subject  will  not  be  able  to  accommodate  for  the  image  of  the  source 
of  light,  and  consequently  a  dispersion  circle  c.'  light  will  fall 
upon  the  retina.  If  the  observer  look  through  the  aperture  and 
the  subject's  eye  be  emmetropic  he  will  obtain  a  clear  view  of  the 
details  of  the  retina.  The  reflected  light  from  the  subject's  retina 
will  issue  as  parallel  rays  and  thus  be  in  an  appropriate  state  to 
impinge  on  the  observer's  cornea  without  requiring  him  to  make 
any  effort  of  accommodation. 

The  Indirect  Method. — In  this  case  a  somewhat  larger,  but  less  con- 
cave or  a  plane  mirror  is  used.  The  mirror  is  held  at  a  distance  of 
about  eighteen  inches,  and  if  the  accommodating  power  of  the  subject  is 
intact  his  eye  will  accommodate  for  the  source  of  light  or  its  image 
formed  by  tha  mirror.  An  inverted  image  of  the  illuminated  area  of 
the  retina  will  be  formed  at  a  certain  distance  behind  the  mirror.  If 
the  rays  issuing  from  the  eye  be  intercepted  by  a  rather  strong  convex 
lens  held  close  to  the  cornea  a  new  image  will  be  formed,  smaller  and 
more  brilliant  but  still  inverted.  The  observer  then  looks  through  the 
aperture  of  the  mirror,  and  holding  a  lens  as  above  against  the  cornea 
obtains  a  clear  view  of  a  considerable  portion  of  the  illuminated  retina. 

Ophthalmoscopes  au  generally  supplied  with  a  revolving  disc  of  lens 
of  different  strengths,  which  are  used  to  correct  any  error  of  refraction 
in  the  subject's  or  observer's  eyes. 

It  is  frequently  a  matter  of  difficulty  to  obtain  a  clear  view  of  the 
back  of  the  eye  or  fundus  in  the  subject  unless  some  drug  previously 
has  been  applied  which  causes  dilation  of  the  pupil.  For  practice  in  the 
use  of  the  ophthalmoscope,  an  albino  rabbit,  the  eye  of  which  has  been 
♦reated  with  atropin,  can  be  advantageously  substituted  for  the  human 
subject ;  or  artificial  eyes,  such  as  Frost's  or  Perrin's  artificial  eyes,  may 
be  used.  In  absence  of  these,  the  ocular  of  a  microscope  furnishes  the 
material  for  the  construction  of  an  artificial  eye.  If  the  lower  lens 
of  this  be  removed  and  a  disc  painted  to  represent  tho  fundus  be 
inserted  and  blocked  behind,  an  artificial  eye  is  obtained  which  can 
be  used  with  advantage. 
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CIRCULATIOX  OF  THK  BLOOD. 

Proofs  of  the  Circulation  of  the  Blood. — A  mamnial  is  aiiiiesthetise<l 
with  ether  and  chloroform. 

The  external  j.igular  vein  is  e.\iKise(l  and  the  carotid  artery.  A  dip 
is  placed  on  the  jugular  vein.  Note  the  central  end  of  the  vein 
empties,  while  the  peripheral  end  heconies  enlarged.  A  clip  is  next 
placed  on  the  carotid  artery,  the  central  end  hecomes  di.stended  and 
pulsates,  while  the  peripheral  end  .shrinks  and  ceases  to  pulsjite.  The 
clips  are  now  removed  and  two  ligatnies  placed  in  position  (liut 
not  tied)  under  each  vessel.  The  vein  is  pricked.  Note  the  dark 
Mood  which  flows  out  from  the  peripheral  end  steadily  and  without 
force.  The  vein  is  then  tied  aliove  and  hclow  the  opein'ng.  The 
artery  is  next  pricked.  Note  the  ]>1o<h1  spuits  out  forciltly  an  1  in 
jets  from  the  central  end.  The  artery  is  then  tied  alH)ve  and  helow 
the  opening. 

A  tracheal  cannula  is  placed  in  the  trachea  and  connected  with 
the  artificial  respiration  ajjparatus.  The  steriuuu  is  divided  in  the 
mid-line,  and  the  thijrax  opened,  so  as  to  expose  the  heait.  The 
[jericanlum  is  s!it  open.  Observe  the  systole  and  diastole  of  the 
auricular  appendices  and  ^•entricles.  Ligatures  are  now  jjassed  under 
the  superior  and  inferior  venae  cavae  and  tightened.  The  heart  quicklv 
■.  ..ipties.  On  hwsening  the  ligatures  observe  the  immediate  tilling  of  the 
right  heart.  A  ligature  is  next  p»ia,sed  under  the  aorta  and  tightene<l. 
Observe  the  engorgement,  firstly,  of  the  left,  and  then  of  the  right 
heart.  On  loosening  the  ligature  note  the  effect.  A  ligature  is  next 
passed  under  the  pulmonary  artery  and  tightened.  The  right 
heart  becomes  engorged  while  the  left  empties.      On   looseiiing  the 
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ligature  note  tin-  losiilt.  If  tho  origin  of  the  pulnioimrv  artery  iiiul 
aorta  Ik*  forcibly  conipressed  lictweeii  thuiiih  and  finger,  the  Hecond 
soiintl  of  the  heart  disappears.  If  the  index  finger  )>e  phieed  ))ehind 
the  aorta  and  pulmonary  artery,  and  the  thumb  at  the  level  of  the 
aurieulo-ventrieulai-  groove,  and  the  heart  he  thus  forcibly  compressed, 
the  filling  of  the  heart  will  he  prevented.  The  first  sound  continues 
to  he  heaiil  feehly, while  the  second  sound  ceases. 

The  heart  is  now  excised,  the  right  ventricle  quickly  opened.  The 
piipillary  nuKscles  may  he  observed  contrae*'iig  synchronously  with  the 
ventricular  wall.     The  first  sound  mav  f)e  heard  in  the  exci.sed  heart. 


Km.  !•)'. — Schema  to  allow  the  flow  in  rigid  and  elaatic  tubes. 

The  Flow  in  Bigid  and  Elastic  Tubes. — Arrange  an  experiment  as 
shown  in  figure  99.  The  two  tulies  are  1  metre  long  and  of  the  same 
Iwre,  but  one  is  a  rigid  tube  and  the  o'.her  elastic.  The  small  outflow 
orifices  are  made  as  nearly  as  possible  of  the  same  size.  Rhythmically 
open  and  shut  the  compressor.  The  flow  from  the  rigid  tube  is  inter- 
mittent, while  from  the  elastic  tube  it  is  continuous.  The  latter 
delivers  more  fluid  in  one  miiuite  than  the  former.  Change  the 
outflow  orifices  to  eliminate  this  source  of  error  and  repeat  the 
experiment.  Feel  the  pulse  in  the  elastic  tube.  Observe  that  the 
outflow  from  it  becomes  intermittent  when  the  outflow  orifice  is 
enlarged.  The  increased  and  continuous  flow  from  the  elastic  tube  is 
(hie  to  the  potential  energy  store<l  up  in  the  stretched  wall  of  the  tube, 
which  maintains  the  flow  during  diastole. 

The  Artificial  Schema. — The  two  ends  of  a  Higginson  syringe  B  are 
connecte<I  with  a  long  rubber  tube.  The  middle  of  the  tube  dividL,. 
into  two  channels;  (1)  a  gla.ss  tube  filled  with  shot  representing  the 
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ciipillnries,  (-2)  a  iuKIkt  tuLc  ildsed  ).y  a  sticw-ilip.  The  screw-clip 
represents  the  muscular  wall  of  the  arterioles.  A  iiiercmv  niaiHi- 
7iieter  is  cfxiuecte'l  liy  a  J_  tiihe  with  the  artery  and  another  with  the 
vein.  A  loose  cotton  wad  pluj,'  is  placed  in  the  o|M'n  end  of  each 
manometer  to  j)ievent  the  mercury  Ix-ing  accidentally  forced  out. 
The  whole  system  is  filled  with  water.  The  l)ulh  of  the  syringe  is 
placed  utider  a  hinged  hoard  which  lies  just  hencath  the  shaft  of  the 
motor.  The  shaft  is  provided  with  a  projecting  screw,  which 
depresses  the  Ixwird  on  each  revolution,  and  compresses  the  syringe. 
\\  hen  the  motor  is  set  going  the  water  is  pumju'd  l>y  the  syringe  round 


¥i<:.  100.— Artificial  Bchemjt  of  the  circulation. 

the  schema.  The  valves  act  as  the  mitral  aortic  valves.  When  the 
screw-clip  is  widely  open,  there  is  little  resistance  to  flow.  The  outflow 
from  the  artery  into  the  vein  ceases  durii'"  the  diastole  of  the  syringe. 
The  conditions  are  the  sjime  as  if  the  u.  .y  were  a  rigid  tulie.  The 
diastolic  and  systolic  variatioiis  of  pressure  are  very  great,  and  affect 
both  manometers  to  a  like  extent.  Screw  up  the  clip.  The  flow,  as 
the  resistanic  ijicreases,  becomes  less  and  less  intermittent  and  finally 
continuous.  The  mean  pressure  rises  in  the  arterial  and  falls  in  the 
venous  manometer.  The  systolic  and  d'»istolic  variations  of  pressure 
l)ecome  greatly  reduced  in  the  former.  Thi  vstolic  variation  disappears 
in  the  latter.  When  the  vascular  system  is  formed  of  a  witle  tube 
free  from  constrictions,  each  systolic  pulse-wave  travels  with  so  great  a 
velocity  that  the  whole  system  reaches  the  Siinie  pressure  before  the 
next  systole  of  the  heart  occurs.  The  conditions  are  otherwise  when 
the  clip  is  screwed  up,  for  the  friction  of  the  bloml  flowing  through  the 
narrow  channels  prevents  the  blood  from  passing  with  anything  like 
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the  velofity  of  the  pulse-wave.  In  the  vascular  system  the  pulse- 
wave  travels  in  the  arteries  H  metres  per  second,  while  the  hUxKl 
travels  J-metie. 

The  resistance  to  flow  is  chiefly  situated  in  the  arterioles,  where  the 
velocity  is  high.  It  is  due  to  the  friction  of  the  moving  concentric 
layers  of  hlood  against  one  another,  and  against  the  stationary  layer  which 
wets  the  wall  of  the  IiIoimI  ves.sels.  It  is  proportional  to  the  surface 
area,  to  the  viscosity  of  the  1>1o(m1 — nearly  proportional  to  the  square  of 
the  velocity  of  flow,  and  inversely  i)ro,,<)rtional  to  the  sectional  area  of 
the  vessel.  In  the  aiterioles  the  velocity  is  high,  the  total  wall  surface 
wet  hy  the  bl<MKl  great,  the  sectional  area  of  each  arteriole  very  small. 

In  the  schema  the  resistanc;'  is  increased  by  diminishing  the  sectional 
area  of  the  arterioles  and  increasing  the  velocity  of  flow.  Owing 
to  the  resistance  to  the  outt?.  w  the  arteries  are  expuided  Ity  each 
systolic  output,  and  the  elasticity  of  their  walls  ctmies  into  play,  causing 
the  outflow  to  continue  during  the  succeeding  diastole  of  the  heart. 
The  larger  jwrt  of  the  kinetic  energy  of  the  systolic  outflow  is  stored 
up  as  potential  energy  by  the  stretched  arteries,  and  converted  into 
kinetic  energy  during  diastole. 

Stop  the  pump,  the  presstnes  in  the  manometers  fall  to  the  same 
level,  i.e.  to  a  mean  hydrostatic  pressure.  The  amount  oi  this  depends 
on  the  distension  of  the  system  with  water.  Start  the  pump  again. 
The  fluid  is  taken  from  the  vein  and  piled  up  in  the  arterj',  for  at  each 
systole  a  greater  quantity  of  l)l()od  is  driveti  into  the  artery  than  can 
escape  through  the  capillaries.  With  each  succeeding  systole,  there- 
fore, the  pressuie  in  the  artery  lises,  and  the  pressure  in  the  vein 
falls.  Venous  pressiu-e  caiuiot  really  sink  l)elow  the  atmospheric 
pressuie  as  in  the  schema,  for  the  flaccid  walls  of  the  veins  co'lapse. 
It  is  not  jM)ssible  to  measure  a  mean  hydrostatic  pressure  i,  the 
vascular  system,  for  the  arteries  contract  when  the  heart  is  inhioitefl 
and  drive  the  blootl  into  the  venous  side  of  the  system.  The  venous 
side  is  capicious,  and  possesses  little  elasticity.  Thus  the  changes  of 
pressure  in  the  venae  ca\ae,  when  the  heart  is  arrested  or  starts  beating, 
are  insigniflcant.  After  the  first  few  strokes  of  the  pump,  a  condition 
of  equilibrium  is  estal)lished,  as  the  capillary  outflov  during  the  period 
of  the  cardiac  cycle  l)ec(mies  equal  in  volume  to  the  systolic  output. 

The  continuous  flow  of  blowl  thus  established  through  the  capillaries 
is  due  to  the  diff'ercnce  between  the  pressure  in  the  arteries  and 
veins.  This  ditterence  depends  on  three  factors:  (1)  the  energy  of 
the  heart,  (2)  the  elasticity  of  the  arteries,  (:})  the  peripheral  resistance. 
The  energy  of  the  heart  is  spent  in  overeomifig  the  resistance,  anu  is 
dissipated  into  heat. 
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Vary  (1)  by  lessening  the  mte  of  the  pump  :  vary  (-')  by  op«'niiig  the 
screw-clip — the  (littereiiee  in  pressure  diniiiiisheH  in  either  case,  and  the 
How  becomes  intermittent.  When  the  screw-clip  is  o{M!n  a  very  freipient 
Iwat  of  the  pump  is  required  to  make  the  How  contiiuious,  and 
stiarcely  any  Huid  {wsses  through  the  capillary  tulK>.  By  means  of  the 
vasomotor  nerves  the  arterioles  are  similarly  dilatetl  or  constricted, 
and  the  current  switched  on  to  or  off  an  oraan 
functional  activity. 


according   to  its 


CHAE'TKH  XXXI. 


CIRCULATION'— CoNTiMKi..     VELOCITY  OF  FLOW. 

Artificial  Schema.  Velocity  of  Flow.— (1)  Insert  the  L  !wig 
stromiihr  (Fig.  101)  into  the  artery.  It  is  convenient  to  fill  om  side 
with  water,  and  leave  the  other  full 
of  air.  In  actu<al  practice  one  tube 
is  filled  with  defibrinated  blood  and 
the  other  with  oil.  Set  the  pump 
going,  and  find  the  number  of  times 
the  stromiihr  must  be  turned  per 
minute.  Turn  rapidly  the  moment 
the  water  reaches  the  mark  A'. 
Each  turn  means  the  flow  of  the 
(juantity  of  water  contained  in  one 
half  of  the  stromiihr.  Measure  the 
capacity  of  the  stromiihr  and  the 
diameter  of  the  artery.  The  capa- 
city of  half  the  stromiihr  multiplied 
by  the  number  of  revolutions  gives 
the  volume,  and  this  divided  by 
tiip  time  and  the  sectional  area  of 
the  artery  gives  the  mean  velocity 
per  second.  The  sectional  area  of 
the  artery  equals  the  radius  x  314. 

Note  the  effect  on  the  velocity 
of  (1)  opening  the  clip  on  the 
arteriole  tulw,  (2)  of  increasing  the  frequency  of  the  pump. 

If  the  energy  of  the  heart  is  constant,  then  in  proportion  as  the 
peripheral  resistance  increases  so  the  lateral  pressure  rises  and  the 
velocity  in  the  aorta  lessens.  On  the  other  hand,  as  the  peripheral 
resistance  decreases  the  pressure  falls  and  the  velocity  increases.     If 
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the  peripheral  resisUmce  be  constant,  then  as  the  energy  of  the  heart 
increases  or  decreases  both  the  pressure  and  the  velocity  in  the  aorta 
together  bec«)me  greater  or  less.  By  comi)ensatory  changes  taking 
place  in  the  heart  and  the  resistance,  the  velocity  may  remain  constant 
while  the  pressure  varies,  or  the  pressure  may  remain  constant  while 
the  velocity  varies. 

The  average  velocity  at  any  part  of  the  vasodar  system  is  inversely 
proportional  to  the  total  cross  section  at  that  jwrt.  If  the  total  cross 
section  of  any  one  j»art  of  the  circuit  be  dilated  the  velocity  becomes 
slower  there,  while  it  proportionately  increases  in  the  other  parts. 
This  must  be  so  if  the  blootl  continues  to  circulate  round  the  whole 
system  in  the  same  time.  V'aso-dilatation  in  one  part  is  normally 
compensated  for  by  constriction  in  other  parts. 

Velocity  in  the  Capillaries.— Pith  the  cerebrum  of  a  frog  and  plug 
the  hole.  J.ightly  curarise  the  frog,  and  spread  the  web  over  the  hole 
in  the  web-board.  Examine  the  circulation  under  the  microscope, 
and  with  the  aid  of  an  ocular  micrometer  and  a  clock  Vteating  1  seconds 
measure  the  time  it  takes  for  a  red  corptiscle  to  move  through  ^^jj  mm. 
Note  in  an  arteriole  that  the  red  corpuscles  move  the  fastest  in  the 
axial  stream,  while  the  white  corpuscles  roll  slowly  along  the  margin. 

I'laee  on  the  web  a  drop  of  hot  water  (50°-60°  C).  The  flow  at  first 
is  accelerated  owing  to  \aso-diIatation,  but  soon  slackens  as  the  red 
corpuscles  clump  together  ow  ng  to  the  escape  of  the  plasma  through 
the  damaged  capillary  walls. 


CHAPTER  XXXII. 


CIRCULATION -CoNTiMED.    THE  INFLUENCE  OF  (JKAVITY. 

Artificial  Schema.  Influence  of  Gravity.— The  schema  is  set  up  as 
figured  (Fig.  102).  The  lower  distensible  rubber  bag  B  represents  the 
splanchnic  vein  and  capillaries.  The  upper  one  A  those  of  the  head  and 
neck.  The  skeletal  mu.scles  and  v,  otor  mechanism  are  supposed 
to  be  paralysed,  and  therefore  tho  ha^^  are  unsupported.  Work  the 
Higginson  syringe.  In  the  horizontal  posture  the  circulation  continues 
through  both  bags.  In  the  vertical  posture  the  lower  bag  fills  and 
becomes  distended,  owing  to  the  weight  of  the  fluid,  the  heart  no 
longer  fills,  and  the  upper  bag  is  empty  and  collapsed.  Compress  the 
lower  bag  with  your  hand,  the  heart  and  upper  bag  fill.  This  represents 
the  normal  action  of  the  skeletal  muscles  and  the  vaso-motor 
mechanism. 
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The  Influence  of  Gravity  on  the  OircuUtion  of  the  Snake— i'ith  tlu> 
brain  of  a  grass  snake  or  eel.  Fasten  the  animal  on  to  a  ImwhI.  KxjMMe 
the  heart,  which  may  Ih'  seen  lieatinjj  beneath  the  skin.aljont  '2-,\  inches 
below  the  mouth.  Place  the  animal  head  clown  in 
the  vertical  {losition.  Notice  the  pericanlium  pre- 
vent«  the  over-distension  of  the  heart  by  the  weight 
of  the  sii|>er-ineiimbent  column  of  bloocl.  Slit  open 
the  pericardium  and  observe  the  result.  The  heart 
becomes  greatly  congestetl.  This  is  especially  marked 
in  the  eel,  when  reflexly  oxcited  to  writhe.  Turn 
the  animal  head  uppermost.  The  heart  gmduallv 
empties,  and  becomes  at  last  pale  and  l)l(K)«Uess. 
Slowly  tilt  the  Ijoard  and  obsene  the  blood  as  it 
runs  up  the  inferior  vena  cava  and  fills  the  heart. 
Place  the  animal  again  in  the  vertical  |K)8ture  (head 
up),  and  observe  that  the  heart  fills  (a)  on  compres- 
sing the  abdomen  from  below  upwards  (b)  on  sinking 
the  animal  in  a  oath  of  water  up  to  the  level  of  the 
heart.  In  (i)  the  weight  of  the  water  outside  tends 
to  balance  the  weight  of  the  bloo<l  within. 

The  vagus  nerve  may  easily  be  found  at  the  side 
of  the  neck  in  the  snake,  and  the  effect  of  its  excita- 
tion noted.     In  the  eel  reflex  inhibition  of  the  heart 


102.  ^.\rtifl.-ial 


M 


is  very  easily  brought  about  ))y  striking  the  aMomen  or  gills. 


CHAPTER  XXXIII. 


VASOMOTOR  SYSTEM.     CIRCULATION'  TIME. 

Demonstration  of  Vaso-Motor  Nerves.— A  white  rabbit  is  chosen,  or 
one  with  a  white  ear;  the  animal  is  anaesthetised  with  chloral 
or  urethane;  the  ear  is  shaven  and  fixed  by  threads  to  a  loop 
of  stout  wire.  This  wire  is  clamped  in  front  of  the  lantern,  so  that  the 
blood  vessels  in  the  ear  can  be  plainly  seen.  The  cervical  sympathetic 
is  exposed  in  the  neck,  where  it  lies  behind  the  carotid  artery,  and  is 
traced  up  to  the  superior  cervical  sympathetic  ganglion.  The  thread  is 
tied  round  the  nerve,  and  the  latter  is  cut.  Observe  that  at  this 
moment  the  blood  vessels  in  the  ear  dilate  and  the  ear  becomes  warmer. 
The  palpebral  fissure  at  the  same  time  becomes  narrowed.  The  change 
will  be  much  more  marked  had  the  ear  of  the  rabbit  been  previously 
exposed  to  cold.     The  cervical  sympathetic  exercises  a  tonic  action. 
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Oh  exciting  the  peripheral  end  of  the  nerve  with  the  faratlic  oirrent, 

the  ve88ela  in  the  ear  will  be  seen  to  coimtriv.t,  and  this  will  take  place 

to  such  a  degree  that  all  the  smaller  vessels  will  disappear  from  view. 

The  ear  will  at  the  same  time  become  several  degrees  cooler.     Note 

that  the  latent  time  is  considerable  Ijctween  the  excitation  ami  the 

effect.      Note  that  the  pupil  also  dilates,  the  nictitating  membrane 

retracts,  and  the  palpebral  fissure  is  widened.     The  eyelwll  at  the  same 

time  projects  forwards.     The  pupillo-dilatur  fibres  arise  from  the  first 

three  thorn  '■■  anterior  roots,  the  vaso-constrictor  fibres  from  the  second 

to  the  t!*l!,       d  even  to  the  seventh,  in  the  rabbit.     If  the  su|)erior 

cervical  sympathetic  ganglion  be  painted  with  nicotine,  excitation  of 

the  preganglionic  fibres  will  no  longer  have  any  effect  on  the  ear,  while 

excitation  of  the  post  ganglionic  fibres  will  still  be  effectual.     The 

sympathetic  fibres  to  the  head  have  their  cell-stations  in  this  ganglion. 

The  Demoiutrstian  Time  of  the  leuer  Circulation.— The  carotid 

artery  is  exposed  in  the  anaesthetised  rabbit.     A  piece  of  thin  rubber 

membrane   is   placed   beneath   it.      Between  the  membrane  and  the 

artery  a  piece  of  white  paper  is  in.scrted.     The  artery  is  illuminat<)d 

by  a  lamp  and  condensing  lens. 

The  external  jugular  vein  is  ex{>osed  on  the  other  side  of  the  neck, 
and  into  its  central  end  a  cannula  is  inserted.  A  burette  containing 
methylene  blue  (sat.  sol.  in  normal  saline)  is  attached  to  the  cannula, 
a  clip  being  interposed.  No  air  must  be  left  in  the  connections.  With 
a  stop-watch,  oj-  by  means  of  an  electric  signal  and  drum,  note  the  time 
which  elapses  between  the  injection  of  1-2  c.c.  of  blue  and  its 
appearance  in  the  carotid  artery. 


CHAPTER  XXXIV. 
BL<X)D  TRESSURK. 

Demonstration  of  Arterial  and  Venous  Pressure  by  the  Method  of 
Stephen  Hales. — An  incision  is  made  in  the  mid-line  of  the  neck,  from 
the  larynx  to  the  sternum  of  the  anaesthetised  animal.  The  skin-flaps 
are  pulled  apart,  and  the  sterno-mastoid  and  sterno-thyroid  muscles 
separated,  so  as  to  expose  the  carotid  artery.  With  an  aneurism  needle 
the  artery  is  freed  from  the  carotid  sheath  for  the  space  of  about  an 
inch.  Two  ligatures  are  then  placed  beneath  the  artery,  and  one  is 
tied  at  the  upper  end  of  the  expfjsed  portion.  On  the  lower  end  an 
artery  clip  is  placed.  With  sharp  scissors  an  oblique  cnf  is  next 
made   into   the   artery,  and   the   nozzle  of  the   arterial    canmda   is 
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inserttHl,  and  tied  in  with  the  second  iigatiirc.  Lutly  the  iikU  of  thin 
liKnturc  are  l)r()iight  round  the  bulb  of  the  tunnula,  arui  ticci  to  muk.- 
the  coiniei'tion  secure. 

The  arterial  cannula  is  JL  shapcfl  and  provideil  with  a  buUxms 
enlargement.  This  Hhape  is  chosen  l»oth  to  hinder  ch>tting  and  to 
facilitate  the  wa.shing  out  of 
clots.  One  limb  of  the  _£  is 
fitted  with  a  short  piece  of 
rublter  tube,  and  this  is  close<l 
by  a  piece  of  glass  roil  or  a 
clip.  The  other  limb  is  con- 
nected by  a  short  length  of 
thick  rubber  tulie  (pressure 
tubing)  to  a  long  length  of 
Hue  l)ored  glass  tubing.  The 
latter  must  be  at  least  5  feet 
in  length,  and  is  held  in  the  kk^.  iii:t.^Aitcriiii..imiiiia. 

vertical  iwsitiou  by  a  clamp.  The  glass  tube  and  cannula  are  fille<l 
with  1  per  cent,  sodium  citrate,  and  this  decalcifies  the  blood  and  so 
prevents  clotting.  The  solution  is  coloured  with  methylene  blue,  and 
a  long  strip  of  white  paper  scaled  in  centimetres  is  placet!  behind 
the  tube. 

By  cutting  through  the  attachment  of  the  sternomastoid  muscle,  the 
junction  of  the  jugular  with  the  subclavian  veins  is  next  e.xjwsed.  The 
innominate  vein  is  picked  up  and  cleaned  with  the  aneurism  needle. 
Two  ligatures  are  placed  under  it,  and  a  clip  on  the  jwrt  nearest  the 
heart.  One  of  the  ligatures  is  tied  round  the  junction  of  the  jugular  and 
subclavian  veins.  As  the  vein  is  clipped  before  the  ligature  is  tied,  it 
becomes  distended  with  blood,  and  this  facilitates  the  introduction'  of 
the  cannula.  The  straight  vein  cannula  is  connected  with  a  short 
length  (1  foot)  of  glass  tubing.  The  latter  is  clamped  in  the  vertical 
position,  and  is  filled  with  sodium  citrate  solution.  The  cannula  is  also 
filled  with  sodium  citrate  solution,  and  to  retain  the  solution  a  clip  is 
placed  on  the  rubber  tube,  which  connects  the  cannula  with  the  glass 
tube.  The  positive  pressure  in  the  glass  tube  must  not  be  more  than 
3  to  4  inches  of  the  solution. 

The  innominate  vein  is  now  slit  and  the  cannula  introduced.  Then 
the  clip  on  the  vein  is  removed,  and  the  cannula  is  p-ished  down  into 
the  superior  vena  cava.  The  clip  on  the  rubber  tubj  is  next  opened  so 
as  to  place  the  venous  cannula  in  connection  with  the  vertical  la.'ic 
The  Huid  in  this  will  now  oscillate  with  each  respiration  at  a  level  of 
about  2-3  inches.    The  clip  on  the  artery  is  next  opened.    The  fluid  in  the 
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arterial  tiilH'  will  OMi-illate  ut  a  height  of  iilxxit  i  to  5  feet.  Notice  in  each 
tub*;  the  cunliiic  pulwitioiiH  and  respiratory  nscillntions.  The  arterial 
presMUre  rises  in  iriHpiratioti— the  vcnoiiH  in  expiration. 

1.  If  the  nlxlonien  Ih«  cuniprcHscd  the  pressures  will  rise  in  l)oth  the 
artery  and  vena,  l>ut  to  a  greater  extent  in  the  former.  The  henrl  is 
)H!tter  tilled  in  diastole  and  the  fM-riphend  resistance  is  increased  liy  the 
compression  of  the  splanchnic  vessels. 

2.  If  the  thorax  be  sipieezed  so  as  to  compress  the  heart  and  prt^vent 
its  filling,  the  arterial  pressure  will  fall  very  greatly,  while  the  venoun 
pressure  will  rise  slightly.  The  arterial  manometer  tulns  nnist  lie 
again  filknl  with  sodium  citrate  solution  before  the  arterial  pressure  is 
again  allowed  to  rise. 

3.  If  the  administration  of  chloroform  l»c  pushed  the  arterial 
pressure  falls  in  a  striking  manner,  while  the  venous  pressure 
rises  slightly.  In  all  these  observations  notice  that  the  variations  in 
venous  pressure  are  trifling  eompare<l  with  those  of  arterial  pressure. 


CHAPTEK  XXXV. 
Hr.OOD   PKKSSL'RK-C»iNTiMEi>. 
Demoiutration.    Becord  of  Arterial  Pressure,  Effect  of  Excitation 


Kid.  104.— Armuifeincnt  nf  laiiiiiii.^  ii-cK-uru  l«)ttlc,  and  nieniirial  iimiinmot.'v  for 
iwordiiigbliKid  pivswirv.     C,  canmil    ,  p,  p',  cHim;  F,  fluat;  •><,  writiii({  style. 

of  the  Vagus  and  Depressor  Serves.     Effect  of  Qravity.    Effect  of 
Asphyxia. — A   cat   is  anaesthetised  with   ether  and   chloroform,  or 
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«    ralibit    in   unaeHth«ti8(><l    with    iirothHiii 
ex|K)ned,  uikI  »  vitnmila  inw'i  te<!.     The 
caiiniiht   is   ooiincctml   to   :i  nifrciirial 
miiiionietor    hy    a    pince    of    prcKHiirt' 
tubing,   a  ^  -,.!'  .j  \te\ng   interiKwcil. 
The  cariniila   aii.l    tuln^   are  fillwl   hy 
iiieaiiH  of  a  presHure  b«ittle  or  syringe 
with     No«liiini     ritrato     I     j)er    cent. 
Holiition,    and    the     |>rf««ure     in    the 
iiiiinometer    is    rai.-wil    to    iilM.iit    the 
arterial  prewiire.     The  vagus  nerve  in 
i'X]M>mt\,  ligatured  in  two  places,  an<i 
dividwl    between    the   ligatun-H      The 
«lepie!<«or  nerve  in  ex|"tse(l,  ligatured, 
ami  (iivido«i  IkjIow  the  ligature.     The 
depressor   in   the  eat   runs  Hepanitely 
from   the  vagus  on  th.-  left  side.     On 
the    right    side    it    can    generally    he 
8eparate<l  from  the  rest  of  the  vagns 
without  nuich  ditticulty.     In  the  rabbit 
the  depressor  runs  seiwrately  oti  both 
sides.     In  the  dog  it  is  bound  up  in  the 
vago-syinpathetic  trunk. 

The  trachea  is  openeil  and  a  tracheal 
cannula  inserted.  This  is  connecttHl 
with  the  anaesthetic  Inntle  and  by  a 
side  tube  with  a  reconling  taniU^ur. 
The  writing  styles  of  the  manometer 
float  and  of  the  tambour  are  brought 
to  write  on  the  kymograph  e.\aetlv 
beneath  ojie  another.  A  clock  marking  " 
seconds  and  an  electric  .signal  placed  in  ^' 
the  primary  circuit  are  also  brought  to  write  on  the  kymograph.     The 


, 


10.'..     MciTiiriitl  nmiiiiiiiutiT  fittid 
witli  HiiHt  uiiri  writiiiK  style. 


primary  circuit     -  arraiii,'e<l    to  giv.>  tetitni.ing  she. 
electrodes  are  connected  with         seer 

I 


iary  coil  by  i, 


and  .shielded 
•of  a  Du  Hois 
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key,  and  are  placed  in  position  under  the  peripheral  end  of  the  vagus 
nerve.  The  clip  is  then  removed  from  the  carotid  artery  and  the 
kymograph  started.  Note  the  height  of  the  arterial  pressure,  the 
cardiac  pulsations,  and  the  respiratory  oscillations  of  arterial  pressure. 
The  pulsations  are  distorted  by  the  momentum  of  the  mercury. 


■  •■■D  k  TUTLOCKLONBON 


tro.  107.— HorinK'i  appamtm  for  demoiixtriitiiix  the  action  of  the  reaplnitory  pump 
A,  OUm  bell,  thonix  ;  B,  air-tight  base  ;  K,  dluplira^m  ;  C,  trachea  leading  to  hintrs ;  I 
manometer  ;  K,  tube  openinK  into  A  ;  F,  heart  with  valves  V.  The  action  of  the  diaphtaimi 
pumps  air  in  and  out  of  the  lungs  and  water  through  the  heart.  The  lungs  and  heart  are 
thin  rubrier  KigK. 

The  arterial  pressure,  if  the  respiration  is  slow,  begins  to  rise  during 
the  second  third  of  inspiration,  and  begins  to  fall  during  the  second 
third  of  expiration.  If  the  respiration  is  rapid  the  pressure  rises 
.  during  expiration  and  falls  during  inspiration.  The  insjnratory  fall 
of  intra  thoracic  pressure  aspirates  blood  into  the  intra-thoracic  veins 
and  thin  walled  auricles,  and  dilates  the  pulmonary  vessels.  The  descent 
(A  the  diaphragm  expresses  blood  from  the  liver  and  abdominal  vessels 
into  the  right  heart.  Expiration  has  the  opposite  effect  in  each  respect. 
When  the   respiration   is   rapid  the   inspiratory  dilatation    of  the 
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Fio.  108.— The  HUrtlile  kymogtaph. 


Ti,„    •.  I    »i       '  >'"•,  tilt.  jMusc  rate  iroiii  no  t»  2<iO.     Ronpinitioii  foil  fr<irii  "4  tn  in 
The  uxplratioiiH  Iwcanie  Htreiiuoiw.    (Biirdoii  Swidersou.) 
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pulmonic  system  lessen"  the  flow  of  blood  into  the  left  heart,  and 


It;    ' 


lii  i' 


i  I     t  <  j  ■? 


Km.  no.-Tlic  effect  of  excitation  iif  the  iwriphcml  end  of  tlie  v«kii«  nerve  uiM.n  the 
I.KKi  uresHure  in  the  aorta  (top  curve)aMd  the  vena  eava  (necond  cHrve)  of  a  ."  mri"^^ 
aninml  with  artificial  rcHpimtlon.     Xotc  the  inhilrftion  of  the  heart  •  the  Vreat^dlo 
aort.ean.!  the  inHiKniflcut  riHe  of  vena  cava  ,,re»Hure :  tl,ee«c!!  ",f    K^'t    ", 
the  v,^»H  aetion  and  the  after  effect  on  the  awtie  pre»»ure.     tL  time  in  nmrked 
«ec<.nd«,  and  tlie  signal  line  .hown  the  duration  of  v;4f,i«  stininlatim,     (L  H.j 

arterial  pressure  falls.     Expiration  expresses  blood  from  the  pulmonic 
system  into  the  left  heart,  and  arterial  pressure  rises.     When  the  rate 


1 


A  B 

Fiolll.  -Aortie  l)I(HKi  presmire.     A,  Kffeet  of  exciting  the  central  end  of  vatfn» 

of  the^'^'rVrth  '.''TTT     "•  i*^'  "'"'*'"«  "t,""^^  electHHles  to  a  fre,h  ,u1ex,    sedTrf 
of  the  nerxu  the  effect  .lumtfed  to  pn»»or.     Vhe  time  is  marked  in  second-..     (I,.rf.) 

of  respiration  is  slow  there  is  time  for  the  increased  or  diminished 
entry  of  blow!  into  the  right  heart  to  exert  its  effect  in  the  '  itter  .stasro 
of  inspiration  and  expiration  respectively. 
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Stimulate  the  peripheral  end  of  the  vagtis  nerve.      The  heart  i« 
inhibited,  and  the  arterial  pressure  falls.     Complete  arrest  caMnot  he 


,  ^yvyvVV\/ W\ 


tr 


i 


'''''''*'■■■ I 


■  ■  '   '  I  i  I 


obtained  in  the  cat.     It  is  easily  obtained  in  the  dog.     In  the  chloro- 
formed dog  with   Imv  blood-pressure,  vagus  excitation,   produced  bv 


Ki.^  ll:t.-HiUV  ai.inml  fal.W.    Tl,c  tal.k-  ca„  !«  mi-cl  „r  l.,«v,v,|  h,  .,„,.  ,J^!!Z  nv.rse. 


H.halation  of  concentrated  chloroform  vapour,  may  arrest  the  heart 
for  so  long  a  period  as  to  kill  the  anin.al.  This  is  one  cause  of  chloro- 
form syncope  in  man.     The  heart  soon  escapes  from  vagus  arrest  if 


il 


IM 
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the  Mood  pressure  is  high.     The  pressure  (after  vagws  inhihition)  for  a 
brief  space  of  time  rises  to  a  higher  level. 


Fli;.  IM 


IM.  -Anrtir  l.h«Hi  prfHsurc      EfTct  ,.f  )«.stnre.     A.  WrtioU  hc«d  u,. ;  H,  h..ri»,ntal  •  C 
vtrtUTiIliuHfl.lnivn;  I),  IioriZMiitHl.    (I..  II.)  ,    ■  n/Kniuu  ,  c, 

The  electnxles  are  now  transferred  to  the  central  end  of  the  vagus. 
Excitation  produces  either  a  slight  rise  (pressor  effect)  or  a  slightlfall 


(depressor  effect)  of  pressure.     The  heart  rate  is  reflexedly  slowed,  and 
the  respiration  is  stopped  with  the  diaphragm  in  inspiratory  spasm. 

The  electrodes  are  next  transferred  to  the  central  end  of  the 
depressor  nerve.  On  excitation  the  blood-pressure  slowly  falls,  and 
remains  at  a  lower  level  so  long  as  the  excitation  is  m.aint.iirtcd  The 
rhythm  of  the  heart  is  as  a  rule  unaffected.     The  second  vagus  nerve 
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18  now  exposed  and  divided.  The  heart  accelerates,  luid  the  arterial 
pressure  rises.  This  is  very  marked  in  the  niorphinise.l  dog.  The 
vagus  centre  tonically  controls  the  rhythm  of  the  heart. 

The  Effect  of  Posture  -The  animal  is  placwl  on  a  swing  hoai'd,  with 
the  arterial  cann.da  in  the  a.xis  of  rotation.  On  dropping  the  anin.al 
in  o  the  vertical  fjosture,  with  the  head  up,  the  arterial  pressine  falls. 
It  may  rise  again  to,  or  even  beyond,  the  normal  level  in  the  cat.  In 
the  hutch  rabbit  the  pressure  falls,  until  the  medullarv  centres  become 


.1  '•'"■■!'•';- Arterial  pruMHiire  :  effect  of  H»i>h.vxi,i,     Animal  airHeHtlietised  and  rnniiiM-.l      At  A 
llieartifi.ialre»i.initi..„wa«st..,,,K«l.    Tl.e  larKe  ,.,,niatinn«are  TraiOH'-HeHnK  .^tn."    (|,  ,,  ) 

I)!iralysed  from  anaemia.  The  weight  of  the  LIcmkI  in  the  vertical 
posture  is  supported  by  the  taut  skin,  the  tone  of  the  skeletal  muscles, 
and  the  tone  of  the  arterial  system. 

The  blood  is  largely  returned  to  the  heart  by  the  action  of  the  skeletal 
muscles,  aided  by  the  valves  in  the  veins,  and  the  respiratory  pump. 

If  the  spinal  cord  be  divided  in  the  lower  cervical  region,  or  the 
administration  of  chloroforn.  :<;  pushed,  these  mechanisms  are  paralysed, 
and  the  blccxl  congests  in  the  lower  |)art.s,  and  the  heart  fails  to  fill.  Itl 
such  case  the  circulation  is  immediately  restored  by  placing  the  animal 
in  the  horizontal  posture. 

Asphyxia.— The  trachea  is  clamped.     Note  the  se(|uence  of  events. 

Ist  stage  :  Respirations  deeper  and  more  ample  ;  heart  accelerated  and 
more  forcible.  In  the  normal  animal  loss  of  consciousness  now  occurs 
and  convulsive  movements. 

2nd  stage:  Respiration  convulsive,  less  frequent;  blootl  presure  rising; 
heart  slow.  At  the  end  of  second  minute  the  pupils  dilate  and  emission 
takes  place  of  urine  and  faeces.    The  veins  are  congested  with  black  bloofi. 

3nl  stage  :  The  inspirations,  which  have  occtirred  at  longer  and  longer 
intervals,  finally  coase.  The  heart  beats  slowly  and  with  great  force. 
Finally  the  heart  accelerates,  and  the  blood  pressure  falls  to  zero. 
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CHAPTER  XXXVI. 

RKSPIRATION. 

Becord  of  tha  Bespintory  MoTements  in  Man.— A  receiving  tambour 
—the  stethograph— constructed  like  a  drum  (Fig.  117)  is  fastened  »y 


nook"-  r'r,;^^'.?."!!!*™''''.'.  /•  ^"i^  <*•■'""  ■    »■  '""*"  '"•■  t"!"""  which  !««,  n.und 


tapes  to  the  thorajr.     One  tape  passes  roun.l  the  thorax  and  the  other 
over  the  shoulder.    The  'stethograph'  is  connected  with  a  recording 
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tambour,  and  the  latter  is  brought  to  WTite  on  a  moderately  fast  drum 
A  signal,  in  circuit  with  key  and  battery,  is  placed  to  write  exactly 
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beneath  the  tambour.  Liatcn  to  the  veHieular  sounds  with  the  binaural 
stethoscope,  and,  by  means  of  the  key,  signal  the  moment  when  the 
sound  begins  and  ends.    Repeat  the  experiment  for  bronchial  breathing, 

placing  the  stethosco|)e  over  the 
7th  cervical  spine.  Take  h  time 
tracing  with  the  seconds  clock 
l)eneath  the  respiratory  tracing. 
Count  the  pulse  of  the  subject, 
and  (letermine  the  ratio  of  the 
frei|uency  of  respiration  to  that  of 
the  pulse.     It  is  aljout  1  :  4. 

The  Spirometer. —The  vital  ca- 
pacity is  the  greatest  vobmie  of 
air  that  can  be  expired  after  the 
deepest  possible  inspiration.  The 
tidal  air  is  the  volume  of  air 
breathed  at  each  respiration. 
These  measurements  are  made  by 
means  of  a  spirometer. 

The  spirometer  is  constructed  as 
in  Fig.  120.  Open  the  tap,  place 
the  spirometer  at  the  mark  1000. 
Then  close  the  tap.  Breathe  in 
and  out  through  the  mouthpiece, 
holding  the  nose  meanwhile.  Di- 
vert your  thoughts,  and  let  another 
observe  the  volume  of  the  '  tidal 
t,      ,  „,    o         .       T  u    ,. .  i     .  M      air.'     It  will  be  about  200-2.")0  c.c. 

Fill.    I'JO.  -  Sinniiiietur.     T,  MimtlniK-'i'"-' :   M,       ""  ■ 

nmi....nctcr:  cp,  .■.mi.tcn">i«-.  H,  ».ak-.  After  breathing  out  the  tidal  air, 
expire  as  deeply  as  possible.  An  additional  1500  to  2000  c.c.  will 
be  expired.  This  is  called  the  supplemental  air.  Breathe  in  as 
deeply  as  possible.  About  1500  to  2000  c.c.  complemental  air  will 
be  inspired  in  addition  to  the  tidal  air.  Place  the  spirometer  at  zero 
and  take  the  deepest  possible  inspiration.  Then  make  the  deepest 
possible  expiration  into  the  spirometer  and  thus  measure  the  vital 
capacity,  i.e.  tidal  250  c.c.  +  complemental  2000  c.c.  +  supplemental 
2000  c.c. 
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CHAITKK  XXXVII. 
RKSPIKATION-Cntimki..      NKHVOUS  L-ONTBOL  OK  RKSlMRATION. 

Becord  of  the  Baspintory  MoTemsnta  of  the  Diaphragm.     Heads 

Method.— Dkmosstkation.  .\  rabbit  i«  aimesthotistHl  with  iirethiuio  or 
chloral.  The  skin  is  divided  over  the  ensifonn  cartilage.  One  blade 
of  a  ijair  of  scissors  is  passwl  carefully  under  the  cartilage,  and  the  lattei' 
is  severed  from  the  sternum.    Two  slips  of  muscle  jjass  from  the  central 


''■  irATuur  ir,«' 


Viu.  I'.'l.— TamlKiMr  rv>i>r<lur.  Tht  iiiiiniU' 
in  attached  tii  the  luxik  lUiil  jnill«  «)piiii»t  u 
HtiriiiK*  Hie  k'ver  ridiiiiruKKeH  th»;  tainlKHir. 
TmB  trtiiil«>ur  i»  ii'iiiiettoi  with  a  ruiimliiitJ 
tHiiitMiur. 


Km.  122.  Triuhual  iiiiiniiU  f"r  Hrtiflcial 
i-ci«|ii.iitiim.  The  »lit  lit  the  »iile,  tlie  siw.-  nf 
wliieh  i-jiii  Ik:  eipiitnilleil,  alliiwh  tile  iiir  ti' 
cwiijk;  ill  exjiiratiiiii. 


tendon  of  the  diaphragm  to  the  ensiform  cartilage.  One  end  of  a  liga- 
ture is  tied  on  to  the  cartilage  and  the  other  end  to  a  lever.  The  lever 
pulls  against  a  sjiring  and  presses  against  a  receiving  tandiour.  The 
contraction  of  the  muscle  slips  can  lie  recorded  by  connecting  the 
receiving  with  a  recording  tambour.  A  thread,  carrying  a  small  Hat 
button,  is  passed  on  eithei-  side  through  the  dia[)hragm  and  the  walls  of 
the  thorax,  between  the  fifth  and  sixth  ribs.  As  soon  as  the  two  threatls 
are  tightened  the  buttons  become  pressed  against  the  tendonous  ends  of 
the  muscle  slips  and  fix  them  to  the  anterior  wall  of  the  thorax.  The 
threads  are  knotted  together  over  the  front  of  the  sternum. 

A  tracheal  cannula  is  inserted.  Note  the  effect  of  blowing  air  several 
times  in  succession  into  the  lung  and  of  sucking  air  out  of  the  lung. 
Positive  ventilation  provokes  expiratory  spasm,  negative  ventilation 
expiratory  relaxation  of  the  diaphragm.  Next  note  the  effect  when  the 
vagi  are  divided.  The  division  of  one  vagus  has  but  little  effect  on  the 
respiration.  If  the  divided  central  end  of  the  nerve  be  allowed  to  fall 
back  into  the  wound  it  may  be  stimulated  by  its  own  action-current. 
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and  provoke  iiicreaaed  inspiratory  movementa.  To  prevent  this  the 
vagi  may  be  frozen  instead  of  being  cut.  When  both  vagi  are  divided 
note  that  the  reHpiration  is  both  slowed  and  deepened.  The  respiratory 
exchange  of  gases,  however,  is  not  altered.  Positive  and  negative 
ventilation  no  longer  produce  an  effect.  When  the  central  end  of  one 
vagus  is  tetanised  there  results  inspiratory  spasm ;  with  a  very  weak 
current  expiratorv  spasm  may  result.     Excitation  of  the  central  end  of 


Kill.  I2:i.-  KxplrHtiini  h|m»iii  of  the  diniihragiii  pnidiu-od  >iy  walk  HtiiiiiiUtii>ti  of  the 
VMKUH.  Tliv  (litwii  Htnikv  i-t))iruNDiitH  liiH|iirutiuii,  the  up  Ntrokt'  e&plrHtioii,  The  Hlifiwl 
liiiu  HhnwN  the  (liirHttiin  of  Ntlintilution.     (Dubois.) 

the  superior  laryngeal  nerve  provokes  expiratory  spasm.  Division  of 
the  phrenic  nerves  paralyses  the  diaphragm.  If  the  tracheal  tube  be 
connected  with  a  water  manometer  or  tambour  immediately  after  the 
death  of  an  animal,  and  the  peripheral  end  of  the  vagus  l)e  excited,  a 
rise  of  pressure  will  be  ob8er\-ed,  due  to  the  constriction  of  the  bronchial 


IiiNpiratury  hmimu  uf  the  dUiihragm  produced  liy  excitation  of  the  vukuh 
duriiitf  the  )>eriud  Hhiiwii  oy^the  iiit(nal  a,  b.    The  down  Htmke  reproiieiitH  iniipinitioii. 


Kill.  124.- 
luriiijf  the  i^ 
the  up  atn>ke  expiration.    (Dubois.) 

muscles.  The  effects  of  positive  and  negative  ventilation,  and  of  vagus 
excitation  and  section,  may  be  observed  by  merely  inspecting  the 
respiration  of  the  animal. 

The  Respiratory  and  Vasomotor  Centres. — The  arterial  pressure  is 
recorded,  and  the  occipito-allantal  membrane  is  exposed  and  opened. 
The  upper  end  of  the  cervical  cord  is  then  divided.  After  the  initial 
convulsion  due  to  the  lesion  the  respiratory  movements  of  the  thorax 
cease,  but  those  of  the  alae  nasi  and  mouth  continue  for  a  minute  or  two. 
The  arterial  pressure  falls.  The  animal  dies  of  respiratory  paralysis. 
If  artificial  respiration  be  established  the  circulation  will  continue,  but 
the  arterial  pressure  will  be  low.  The  pressure  will  be  raised  very 
greatly  by  tetanisation  of  the  lower  end  of  the  divided  cord. 

By  observing  the  effect  of  division  of  the  mid-brain  in  another  animal 
the  respiratory  centre  and  vasomotor  centres  can  be  localised  to  the 
spinal  bulb. 
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INTRA  THOKACK'  I'RKSSURK. 

Intn^thorMic  PrMsnn. — The  thoracic  cavity,  when  ojienwl,  is  far 
larger  than  its  cuntentti,  for  the  lungs,  owing  to  their  chiHticity,  colIapHC 
so  soon  as  the  intra-pulnionary  and  pleural  prctwures  liecame  e<|ual. 
The  intra-pleural  pressure  is  less  than  the  atmospheric  prestture  hy  that 
amount  of  the  atmospheric  pressure  which  in  re<juire«l  to  overconH-  the 
elasticity  of  the  lungs  and  distend  these  organs  to  the  size  of  the 
thoracic  cavity.  The  intra-thoracic  pressure  or  elastic  traction  exerted 
by  the  lungs  on  the  thoracic  wall  varies  as  follows : 

Normal  inspiration  -        -        -        about  - 

„        expiration  ...  , 

Deep  inspiration     .        ■         ■        •  , 

„     expiration     .... 

„     inspiration  with  air-way  closed 

„      expiration      „         „  „ 

The  intra-tracheal  pressure  varies  from  -  1  mm.  Hg.  in  quiet  inspira- 
tion to+  1  mm.  Hg.  in  expiration.  During  forced  l>reathing  with  the 
air-way  closed  the  intra-tracheal  pressure  is  greater  than  the  intra- 
thoracic pressure  by  'nc  \mount  of  the  elastic  traction  exerted  hy  the 
lungs.  All  the  stiuctures,  e.g.  heart  and  blo<Hl-ves8el8,  are  attectetl  by 
the  respiratory  variations  of  pressure. 

Dkmonstkation.  The  trachea  of  a  dead  rabliit  is  exposctl,  and  a 
ligature  tie«l  round  it.  The  skin  is  divided  over  the  thorax  on  one 
side,  and  the  ri'.)K  exposed.  One  inch  of  two  mljoining  ribs  is  removed. 
Note  that  the  lung  is  in  contact  with  the  thorac-ic  wall.  The 
ligature  round  the  trachea  is  now  divide<l ;  the  air  eHcafK'x.  and  the 
lung,  owing  to  its  elasticity,  will  collapse.  On  oj>eniiig  the  pleural 
ca\ity  the  pressure  within  and  without  the  lung  becomes  atmospheric. 
The  elasticity  of  the  distended  lung  then  comes  into  play  and  cau^ics  its 
collapse. 

Demonstration.  In  the  rabbit  anaesthetise<l  with  urethane  or 
chloral  the  skin  is  divided  over  an  intercostal  space.  The  intercostal 
muscles  are  then  separated  with  care,  and  a  piece  of  rib  removed, 
while  the  {^rietal  pleura  is  left  (juite  uninjured.  The  lung  will  not 
collapse  so  long  as  the  pleural  cavity  is  not  opened.  On  the  contrary 
it  will  Ije  seen  gliding  to  and  fro  with  each  movement  of  respiration. 
Note  how  easily  the  pleural  surface  of  the  lung  glide.«  over  the 
parietal  pleura.     A  glass  cannula  attached  to  a  watr:   u'anometer  is 


I 
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pushed   throng.'  Hit   thn   intcrcoRtuI   muw-le*    until  the     nd  .omes  to 
lie  in  the  thftmi''  'hm  y       Notii     the  ncgativi>  preMiiit'  ituiicated  in 

the  manometer,  which  ht-comeB 
greater  in  inspiration  and  iesx  in 
expiration.  Note  the  immodiato 
collapse  of  the  lung  on  o|)ening 
thr  pleural  cavity. 


CHAPTKK  XXXIX 

THE  CHKMISTUY   OF   REHPIK 
ATION. 

Th«  EBtimation  of  the  Oaaea 
in  Inspired  and  Expired  Air  by 
Haldane's  Apparato*.     The  ga> 

is  mt'a.sured  in  the  |."  !'!u;iteii 
na-sburette  A,  provi(i«l  itii  a 
three  way  tap.  Surroun-  ag  tht 
gas  liurctte  is  a  wal.  jackot 
The  whole  is  support ,-(1  l>y  a 
clamp  and  retort  stu.^l.  The 
gas-burette  is  coniiei  '<'d  by 
prcs-sure  tubing  to  the  1  veiling 
tub,  B.  K  is  held  by  ;  )ring 
clauip  attached  to  the  etort 
stall'  i  A  and  B  contain  mei  cury, 
an-  i>y  raisMig  or  lowering  B  gu 
cai!  He  expelled  from  or  .  Ttwr: 
int"  A  Oiu-  of  the  on, 
>f  the  ihriie-way  taj    is  i 


B- 


Ki. 


tak  nji  in  the  -iampl> 
tb  '      urette 

•1  :l?H8 


'h. 


UHI- 

tb. 


liAldiiiii''i<  KH»  «ni»l,v«i»  >t|i|wrHtii><. 


cottnects 

tb    irptii 

>»  th. 


The  bulb  E,  fille<l  with  20  per  cent.  c.    stic  p-.. 
bulb  F,  filled  with  alkaline  pyrogallic  a     '  solutu 

'  Dissolve  100  grniB.  of  stick  ciiustii!  potasli  111   -Ot 
pyrogallic  acid  to  this  soluti'  n.     The  pressure  in  the 
the  potash  pipette  as  a  pressure  gaiiiie  and  bringing  th' 
of  thf  Imrette  to  the  mark  M.       In  order  to  make 


n,  a! 


O,.    Tlo 

(i  iu  grms,  of 

H«<I  by  using 

e  every  reading 

4  of  the  burette 
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Wdter  ill  (;  an<I  H    irotcct'*  '■-he  !'vro»<kiun« 
aii<i  rehlletl  thniu^ii  K.     '^       wu  in»  ftv 
abaorptiofi  pipette  itlaci'M        i^^r  K  «>        in 
coMiiectioi    with  tht    .pw-Ih     '» 

A  Muniji  *  of  t'xpiivii  air  up 

bp'itiiing      Krough      he    lu=ie     siii      jw 
bur.-tte  B  t '  ig.  1-'  i\  aiii         .li         l«d 

vith  ucmIhI:-.  ;«(i  Wat*        sd  H        ()ntiuUe«l 
i.i.-  a  cl'" 

The  ij«rtiii«  o!  vhjch  lies  Ijcyond  the 
clip  is  ^juo»-zed  mj  v  of  air  before  it  ia 
iiiseii-wl  ovfr  th.-  entrance  tube  of  the 
ti^ldatM'  f(u-l)ur'  i  The  Kiraple  ia  then 
t.t  '  over  bv  so^erinj;  the  levelling  tiil»e 
am.    ipt'i    iij;    H>       ip. 

The  Bt^Mstoiy  E3-~hAsge  of  OasM. — 
Atmoaph  -r  nea        <l  dry  at  0'  C. 

iril  at  7t)>i  )im    urejwii        ,w  the  following 
cnnijiosition 

>TOo«pher     sir,  -il*  St.".        -,»iy2        0(W 

rage  ex|.ir*.i  iiir,    1603        TttvW        4-3H 


from  the  air.    F  ix  ^miitiml 


'  .xpiiri 

tcmp< 

L-ali    I"- 
way. 
One  Cl 


i  air  '  wanned  nearly  to  Ikiin 
lire,  ind  ironi  50  to  100  kilo- 
>f  h.  are  lost  per  diem  in  this 
riirate«l  with  water  vajjour. 
>  iietre  of  air  takes  up  42-2 
gnus,  of  Water  at  37°  C.  The  total  loss 
per  diem  varies  from  250  to  r)00  gnus. 
The  heat  lost  by  e\  ujwration  of  this  water 
equals  145  to  2'JO  kilo-calories. 

One  third  of  the  250  c.c.  tidal  air  is 
breathed  out  from  the  large  air  tubes  at 
the  followini(  expiration,  the  rest  (170  co.)  mixes  by  diffusion   with 

independent  of  changes  in  temperature  and  lutrometric  pressure  during  analyaia  a 
control  tube  N  ia  employed.  N  in  connected  with  the  potash  solution  by  meana 
of  a  T-tul)e  O.  The  tap  at  P  makea  it  possible  to  render  the  presiture  in  N  e<]ual 
to  that  of  the  atmosphere.  At  the  beginning  of  the  experiment  the  potaah  is 
adjusted  to  the  mark  R  by  altering  S,  P  l»eing  open.  P  ia  then  cloae<l,  and  not 
opened  again  till  tli  analyses  are  complete.  The  l>aronieter  and  temperature  of 
the  wnleiJHvkel  ■•■■■:  read.  Each  time  a  leading  of  the  burette  ia  mtde  the  potaah 
ia  brought  to  the  mark  K  by  altering  8,  and  to  the  mark  M  by  means  of  the  level- 
ling tube  B.  Ah  the  control  tulie  and  the  gaa-burette  are  kept  nioiat,  variations  in 
the  tenaion  of  atpieoua  vapour  in  the  burette  are  alao  corrected  by  the  control  tube. 


l'."!).— Heniperi  )>urBtto  for  col- 
lecting It  8an>i>le  of  expired  nir. 
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the  residual  and  supplemental  air  (3500  c.c).  The  composition  of 
the  alveolar  air  is  thus  altered  by  only  about  one-twentieth  at  each 
breath.  These  fact«  are  determined  by  taking  an  inspiration  from  a 
gasometer  contoining  pure  hydrogen,  and  analysing  the  amount  of 
hydrogen  in  the  air  expired. 


KHi   l"?  -W»lIer'»ruKi)irat<irvKH>iiiii«lyMi»Hiii»mtuB.    thieiilmoriitiou  Imlb  contains 
jKitHiih  Biid  the  iither  ntUkn  of  iihonphoruH. 

The  respiratory  exchange  of  gases  can  Iw  determined  in  man  by  the 
Haldane-Pembrey  or  Zuntz  apparatus.  In  an  average  man  weighing 
70  kilos,  the  mean  daily  output  of  COj  equals  800  grms.,  and  the  mean 
intake  of  U„  equals  700  grms.     A  half-metre  cube  roughly  represents 
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the  volume  of  the  intake  of  O.^  or  output  of  CO.,.     Note  the  size  of  this 

cube.     In  rest,  walking  three  miles  an  hour,  and  on  the  tread-mill  the 

]iroduction  of  CO*  is  roughly  in  the  proportion  2,  3,  and  6.     During 

mu8cular  activity  the  t'O^  output  often  exceeds  the  O,^  intake.     The 

balance  is  restored  during  rest. 

The  warm-blooded  animal  rcs|)onds  to  a   rise  or  fall   in  external 

temperatiue  with  a  decrease  and  increase  respectively  of  CO.j  output.   The 

normal  resjjonse  occurs  only  so  long  as  the  body  tem|K}rature  is  normal. 

A  man  deeply  anaesthetised,  or  one  in  whom  the  spinal  conl  in  the 

up|)er  dorsal  '•cgion  has  been  divided,  or  a  new  born  Imbe,  responds 

(like  a  cold-b!o<xled   animal)  to  a   fall   of    external  temperature   by 

diminished  metabolism  and  fall  of  body  temiierature.     The  surface 

area  of  the  body,  in  proportion  to  the  mass,  is  much  greater  in  the 

child  than  in  the  adult,  and  in  the  tall,  thin  man,  than  in  short,  fat  man. 

The  respiratory  exchange  is  therefore  greater  in  the  child  and  the  tall 

thin  man. 

CO 
The  respiratory  quotient  -     ^  indicates  the  amount  of  oxygen  U8e<l 

in  the  oxidation  of  carbon.  On  a  carbohydrate  diet  the  It.y.  is  1  for 
C„H,,Ort  +  60o  =  6C02-t-6H.jO,  and  by  Avogadro's  principle  a  mole- 
cule of  O.^  occupies  the  same  volume  as  a  molecule  of  COjj.  The  K.Q. 
is  less  than  1  on  a  fat  or  proteid  diet,  for  a  certain  amount  of  O.,  is  used 
up  in  the  oxidation  of  H^  and  of  the  nitrogenous  elements  of  the  f<>o«l. 

In  the  case  of  a  fat  diet  (olein)  the  final  stage  of  the  metabolic  process 
has  been  represented  thus  : 

CgH^XCisHajO,),-!- 800.^  =  5700.^  +  52^,0,  and  the  K.Q.  is  J' i  =  0-71. 
On  an  onlinary  mixed  diet  R.Q.  =  0-8,  while  on  a  strict  diabetic  diet  it 
may  fall  to  0-6.  On  the  latter  diet  the  O.^  intake  may  be  almost 
doubled.  When  an  animal  is  rapidly  putting  on  fat  the  R.Q.  may 
become  greater  than  1,  for  the  CO.^  output  is  increased  owing  to  the 
conversion  of  carbohydrate  into  fat ;  it  appears  that,  in  addition  to  the 
ordinary  combustion  which  results  in  a  quotient  approaching  unit}-, 
there  is  a  discharge  of  a  further  (juantity  of  carbon  dioxide,  the  oxygen 
of  which  is  derived  from  the  intramolecular  oxygen  of  the  food. 


CHAPTER  XL. 
RESPIRATION  APPARATUS. 

The  Haldane  Pembny  Baspintion  Apparatui  for  the  Monse.— The 
apparatus  is  constructed  as  in  Fig.  128.  The  corks  are  soaked  in 
melto/i  paraffin  before  insertion.     Each  double  absorption  tube  is  fitted 
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with  a  wire  loop,  so  that  the  glass  need  not  be  touched  with  the  hand. 
The  animal  chamber— a  light  beaker— is  provided  with  a  therm»nieter 
and  is  also  fitted  with  a  wire  loop.  The  moisture  given  off  by  the  animal 
is  absorbed  by  pumice  saturated  with  sulphuric  acid  in  the  tubes  AB. 
The  pumice  is  heated  red-hot  before  it  is  thrown  into  the  acl.l.  The 
carbon  dioxide  is  removed  by  soda  lime  C,  the  water  given  off  by  the 
soda  lime  is  caught  by  the  sulphuric  acid  tube  D. 


A 


iii 


yT  X  A       B       C       I) 

Kill.  128.— The  Haldauc-Pembrey  rcupinition  ii|>|MratU!<. 

The  animal  is  weighed  in  the  beaker  (with  the  tubes  closed)  before 
and  after  the  experiment.  A  dummy  beaker  is  placed  in  the  opiwsite 
scale  pan.  The  tubes  AB  and  CD  are  also  weighH  against  a  dummy 
pair  of  tubes.  During  the  weighings  the  exit  •  -  entrance  tubes 
are  left  unstoppered.  By  these  means  errus  due  to  condensation  of 
water  and  changes  of  barometric  pressure  or  temperature  are  avoided, 
and  the  weighings  can  be  carried  out  to  less  than  a  milligramme. 

The  air  entering  the  chamber  is  freed  from  CO.,  and  Hp  by  soda- 
lime  in  M  and  sulphuric  acid  pumice  in  N.  The  amount  of  HjO  and 
CO.J  given  off  in  15  minutes  is  determined  by  the  increase  in  weight 
of  AB  and  CD  respectively.  The  amount  of  oxygen  absorbed  is 
found  by  subtracting  the  loss  in  weight  of  the  animal  we-ghed  in 
the  chamber  from  the  total  loss  of  CO..  and  H.p.     The  respiratory 

quotient  =  yt'* 

The  effect  of  external  temperature  upon  the  respiratory  exchange 
may  be  studied  with  this  apparatus. 

Example.  The  beaker  containing  a  full-grown  mjuse  was  placed  in 
water  bath  at  9-5*  C,  and  then  in  water  bath  at  30°  C.  At  db"  C.  the 
mouse  gave  off  from  260-315  decimgrms.  of  CO.^  per  10  minutes  and 
was  active. 

At  30°  C.  it  gave  off  103-116  decimgims.  CO^  per  10  minutes  and 
was  quiet.  The  rectal  temperature  of  the  animal  scarcely  varied  during 
the  experiment.  New-bom  mammals  in  an  immature  condition  behave 
like  cold-blooded  animals,  and  are  unable  to  compensate  for  low 
external  temperature  by  increased  metabolism.  The  CO.^  output  in 
them  sinks  with  the  body  temperature. 
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A  mouso,  owing  to  the  greatness  of  its  surface  exposiire  in  relation  to 
its  mass,  gives  off  20  times  as  much  COo  per  kilo  of  Inxly  weight  uh  a 
man.     The  mass  of  a  man  is  about  3000  times  the  mass  of  a  mouse,  but 


Kiii.  ll'ii.— Ziiutx  roHpiratiim  apiwrHtiix.  The  Mihjcit  ux)iir«H  thmiiKh  tlic  muter. 
T:  e  inlet  and  outlet  tiihcx  are  I'ontmUed  by  ralveH  I)  aud  C,  niacle  nf  )ilece« 
■  .  (ntcHtlue  which  have  Iweii  mnlced  in  ({lyecriuc.  A  Miiall  Hanijilu  of  the  expired  air 
'  .steadily  drawn  nlf  into  the  ijuretto  A  by  the  exi-Hpe  nf  mercury  from  tlic  tulw 
which  iH  lowered  by  the  revolution  of  the  meter  H.  The  meter  (fivc«  the  total  volume 
of  air  breathed.  The  meamircd  hhiii|iIu  in  the  hurutte  Ih  analyHcd  by  Haldane'n  gnu 
H|i)iaratuH, 


I 
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the  external  suiface  of  the  man  is  probably  only  aliout  150  times  that 
of  the  mouse.  A  mouse  weighing  25  grms.  produces  in  one  hour  at 
ordinary  temperatures  0-25  grms.  of  CO.^.  A  man  weighing  70  kilos 
produces  40  grms.  in  the  same  time.  A  mouse  thus  produces  about  10 
grms.,  and  a  man  only  \  grm.  per  kilo  of  body  weight.  A  mouse  is 
poisoned  by  CO  in  ^^g  the  time  of  a  man. 

When  the  Haldane-Pembrey  apparatus  is  applied  to  a  man,  air  is 
drawn  through  the  respiration  chamber  and  the  total  volume  measured 
by  a  large  meter.  A  small  sample  of  the  air  entering  and  leaving 
the  chamber  is  drawn  through  two  sets  of  absorption  tubes  for  the 
determination  of  the  water  and  carbon  dioxide  and  is  then  measured 
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by  small  meters.    The  following  figures  show  the  effect  of  diet,  rest, 
and  work  on  the  respiratory  exchange  of  man. 

CO,.  O.^ 

Dny.  Niirht.  Day.  N'itfht. 

Fasting  :  Rest,  •  -     403  gniiH.  314  grnm.  43o  grnis.  326  grins. 

„  Work  for  nine  hours,     »30     „       £>'     „       JI22     .,       130    ,, 

Mo<lerate  diet  •  Rest,  -     CM     „       3tt6     .,       443    „       440     „ 

„         Work  for  nine  hours,  856     ,,       S-Vi     ,,       793     ,,       211     ,, 


CHAPTER  XLI. 


(JASES  OF  THE  BLOOD. 

Analjrsis  of  the  Oases  of  the  Blood  by  Hill's  Pump.'-  The  pttmp 
consists  of  a  mercury  reservoir  A,  which  is  connecte<I  with  a  second 
reservoir  B  fiy  means  of  pressure  tubing.  The  upper  end  of  B  is 
closed  by  a  three-way  tap.  By  means  of  this  tap  B  can  be  put  in 
connection  with  either  the  tube  E  leading  to  the  blood-receiver  F,  or 
with  the  tube  C  leading  to  the  eudiometer  H.  The  blood-receiver  F 
is  constructed  of  three  b\dbs,  so  as  to  prevent  the  blood  frothing  over 
into  B  during  the  extraction  of  the  gases.  To  either  end  of  F  is  fixed 
a  piece  of  thick  small-bored  pressure  tubing  provided  with  a  clip. 

In  using  the  pump  the  manipulations  are  as  follows :  F  is  placed 
in  the  position  indicated  by  the  dotted  line.  A  is  raised  and  B  is  put 
in  connection  with  F,  and  F  is  filled  with  mercury.  The  screw  clip  on 
the  rubber  tube  at  the  upper  end  of  F  is  then  closed,  and  A  lowered 
until  F  is  exhausted,  exceiit  for  2  or  3  c.c.  of  mcroiry  which  are 
purposely  left  within. 

The  screw-clip  on  the  lower  end  of  F  is  next  closed,  and  F  is  then 
detached  from  the  pump  and  weighed.  A  sample  of  lilood  is  collected 
in  the  following  way :  The  arterial  or  venous  cannula  is  filled  with 
blood,  and  immediately  pushed  into  the  rubber  tube  at  one  end  of  F. 
Before  the  insertion  of  the  cannula  the  end  of  the  rubber  tul»e  is 
compressed  with  the  fingers  to  exclude  the  air  within  it.  A  sufficient 
quantity  of  blood  is  now  withdrawn  by  opening  the  screw-clip,  and  the 
clip  placed  on  the  vessel  of  the  animal.  Tiic  blood  is  defibrinated  by 
shaking  it  with  the  mercury  left  within  F  for  the  purpose.  F  is  then 
again  weighed,  and  the  weight  of  the  sample  obtained.  F  is  next  affixed 
to  the  tube  E,  and  F  is  exhausted.  Finally  the  screw-clip  between  E 
and  F  is  opened,  and  the  gases  are  withdrawn  and  collected  in  the 

'  Many  blood-gas  pumps  have  been  contrived.  Pfliiger's  is  one  of  the  best.  A 
very  accurate  pninp  is  that  of  Barcroft  (cp.  Joum.  of  Physiol,  xxv.  263). 
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eiuliometer.     To  facilitate  the  escape  of  the  gases  F  is  placed  in  warm 

water  and  shaken.     If  the 

ItKxHl  froths  too  violently 

the  frothing  can  be  allayed 

by     pouring    some    warm 

water  on  the  tube  E.     The 

tap  is  so  manipulated  that 

the    gases    only,   and   not 

the  water  which  condenses 

in  B,  are  driven  over  into 

the  eudiometer.  Tl  j  water 
is  returned  liack  into  F. 
Three  or  four  exhaustions 
fire  sutficient  to  extract 
the  gases.  The  eudiometer 
tube  is  filled  with  mercury 
and  surrounded  with  a 
water  jacket  to  keep  the 
temperature  constar.t.  The 
euvliometer  is  transferred  to 
a  vessel  of  mercury  and 
the  volume  of  gas  read, 
the  level  of  mercury  inside 
and  outside  the  eudio- 
meter being  the  same.  The 
temperature  of  the  water 
in  the  jacket  of  the  eudio- 
meter is  also  read  and  the 
barometric  pressure.  Potash 
solution  20  per  cent,  is  then  introduced  into  the  eudiometer  by  means 
of  a  pipette  provided  with  a  bent  end.     The  CO..  is  thus  absorbed  and 


Km.  l.m— HUI'b  Tilnnd-Kan  immii. 


1  z  s 

Fii;.  131.     The  three-way  tap  o{  tho  mercury  jmiiiii. 

the  diffeience  in  volume  read.  Pyrogallic  acid  is  then  introduced  and 
the  Oj  absorbed.  The  remainder  is  N.  The  temporature  of  the  water 
jacket  is  kept  constant  by  adding  cold  water  during  the  estimation. 


150 


PRACTICAL  PHYSIOLOCiY 


To  correct  the  volume  of  gas  to  0  ami  760  mm.  the  following  formula 
is  emplo}'e<l : 

V-   _  ^'  "-/ 

1+/.  0  00367      760 

where  h  =  the  observed  pressure,  /  the  tension  of  aqueous  vapour  at 
the  observed  temperature  t.  The  value  of  1  +/.0(K)367  and  of /are 
obtained  from  tables  (cf.  Sutton's  Vdumetiv-  AnaJfinn). 

In  determining  the  metabolism  of  an  organ  simultaneous  samples 
are  taken  from  an  artery  and  from  the  vein  leaving 
the  organ.  The  samples  can  conveniently  be  col- 
lected in  glass  bul)>8  fitted  with  short  lengths  of 
pressure  tubing  and  clips ;  the  bulbs  hold  aljout 
10  c.c.  and  are  rinseil  out  with  oil.  From  these 
the  blood  is  rapidly  tntnsfenwl  to  the  blood- 
receiver,  half-adozen  of  which  are  exhausted  and 
weighed  ready  for  an  experiment. 

The  average  amount  of  blood  gases  obtained  is 
about  60  vols,  per  cent.  Arterial  blood  contains 
approximately : 

N,  2  vols.        0.„  20  vols.        CO,,  40  vols. 
Venous  bloo<l  contains  approximately  : 

N,  2  vols.         0,„   12  vols.         C0.„  48  \o\». 

The  following  is  an  example  of  the  differences 
found   between    the   arterial   going  to,   and  the 
venous  blood  coming  from,  the  thigh  muscles  of  the  dog  : 


Km.  132.— r,  Mercury 
resiiel  ;  (,  eudlumeter  ; 
i>,  iKitaiih  pipette. 


CO., 

o., 


ReNt. 

+  s-7a 

-  12-92 


Tetanus. 
+   13-90 
-    13-". 


As  the  flow  of  blood  through  the  muscles  in  activity  is  3-5  time.«» 
greater,  the  results  obtained  during  activity  must  be  multiplied  by  3 
to  5.  The  exact  increase  in  rate  of  flow  can  be  found  by  noting  the 
time  in  which  the  blood-collecting  bulbs  fill.  The  differences  in  the 
blood  gases  iti  the  arterial  blood  going  to,  and  in  the  venous  blood 
coming  from  the  brain  may  be  contrasted  with  the  above.  They  were 
as  follows.     An  epileptic  fit  was  excited  by  absinthe. 

CO, 
0., 

Here  again  the  rate  of  blood  flow  was  increased  3-5  times  during  the 
lit. 


Ke«t. 

Activity. 

-  3-87 

+  4-tl6 

3-42 

-   4-95 
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CHAPTER  XLII. 


THK  MOVKMENTS  OF  THE  ALIMENTARY  CANAL. 

Th«  Movements  and  Innervation  of  the  Frog's  Stomach. — In  u 

freshly  caught  frog  pith  the  brain  and  cord,  open  the  abdomen  and 
remove  the  sternum.  Tie  the  pylorus  and  open  the  oesophagus,  and 
by  gently  compressing  the  stomach  empty  it  of  its  contents.  Then 
tie  in  a  tube  connected  by  a  j_-piece  with  ( 1 )  a  recording  tambour,  and 
(2)  a  tuoe  containing  salt  solution  at  a  pressure  of  10-20  cms. 

The  spontaneous  movements  of  the  stomach  are  !ocaiisc<l  rings  of 
contraction.  These  movements  are  not  paralyseil  by  painting  the 
outside  of  the  stomach  with  -3  per  cent, 
nicotine  or  with  cocaine.  They  are  therefore 
myogenic  contractions. 

Pull  the  viscera  over  to  the  left  side,  and 
remove  the  liver,  ovary,  and  oviducts.  Incise 
the  peritoneum  and  expose  the  rami  com- 
municantes  of  the  spinal  nerves.  Place  the 
electrodes  under  the  4th  ramus  and  tetanise 
it.  After  a  latent  period  of  some  seconds 
the  tonus  of  the  stomach  is  increased.  The 
increase  lasts  5  or  6  minutes.  The  vagus  on 
excitation  inhibits  the  tonus  and  augments 
the  spontaneous  movements.    (Dixon.) 

Dgmon.stration.  The  Movements  of  th 
Oat's  Stomach  and  Intostines— A  tame 
cat  is  given  a  meal  of  tinned  salmon  to 
which  25  per  cent,  of  bismuth  subnitrate 
has  been  added.  The  bowels  of  the  animal 
siiould  previously  have  l»een  emptied  by  the 
administration  of  three  teaspoonfuls  of  castor 
oil.  The  cat  is  gently  placed  on  its  back 
aJtove  the  Kuntgen  light.  The  animal  must 
not  he  frightened.  The  movements  of  the 
stomach  and  intestines  during  the  digestion 
of  the  meal  can  now  Ije  observed  on  a  fluor- 
escent screen  (Canon ) .  The  movements  of  the 
stomach  begin  a  few  miinites  after  the  meal. 
They  consist  of  constrictiuns  which  appear  in  the  middle  of  the  stomach 
and   run  towards   the  pylorus.     Each  wave  takes  about   30  sec.  to 


las.— CoiitrscttoiiN  «l  the 

URtK     HtoiIUkC'h,      HH     HOOll     t)}'     thf 

KUntfceii  niy  iiiethcid,  «ft«r  »  meal 
(■ontHiiiiiif;  hinmuth  Hulmitrate. 
MlmiUr  hmd-likc  I'ontrHotionB  are 
Kceu  in  the  intcHtine.    (Canon.) 
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reach  the  pylorus,  and  the  waves  occur  alwut  every  10  sec.  The 
fundus  acts  as  a  reservoir  for  the  food,  while  the  pylorus  niixt-s, 
triturates  and  expels  the  fwid  into  the  dutKlenuin.  In  the  intestine 
rhythmic  segmentation  of  the  f<K)d  is  brought  about  hy  constrictions 
of  the  gut  which  continually  occur  at  ever-varying  i)(»ints.  Thf.vs 
may  l»e  30  such  segmentations  per  minute.  Such  movements  mi.x 
the  food  and  juices,  and  express  the  contents  of  the  venous  and 
lymphatic  radicles.  Poristjdtic  movements  occur  in  aildition  to  the 
segmentation  movements,  and  drive  the  contents  onwards.  Anti- 
peristaltic movements  are  frequent  in  the  large  intestine.  This 
increases  absorption.  The  ileo-caecal  valve  is  normally  competent,  and 
prevents  the  antiperistalsis  returning  any  of  the  contents  of  the  large 


Kii..   l.M.-^l'eiidiiluiii  inuvoment*  of  the  iiiteHtiiio  inhibited  by  excitation  of  the 
"l«laiichnic  nerve  during  the  jwriod  inarlccd  by  the  white  line.    (Starlir,  -  ■, 

iitto  the  small  intestine.  With  the  accumulation  of  materi;  in  the 
colon  deep  tonic  constrictions  appear  one  after  another  and  carry  the 
food  into  the  descending  colon.  Fear  or  rage  entirely  inhibits  the 
movements  of  the  intestines. 

Nutrient  enemata  (mixed  with  bismuth),  when  injectwl  into  the 
huge  intestine  under  pressure,  may  be  carried  by  the  antiperistalsis 
of  the  colon  into  the  small  intestine. 

In  the  anaesthetised  animal  placed  in  a  bath  of  warm  saline,  the 
bowels  may  be  exp<j8ed,  and  a  small  indiarubl>er  bag  inserted  in 
the  small  intestine.  The  bag  is  connected  with  a  recording  tambour. 
The  splanchnic  nerves  are  divided  to  prp\  ent  the  reflex  inhibition  of 
the  movements  which  otherwise  would  result.  The  gut  exhibits 
rhythmic  swaying  movements  caused  by  waves  of  constriction  which 
occur  every  5-6  sees.,  and  travel  2-5  cm.  per  sec.  These  movements 
are  myogenic,  for  they  occur  in  the  enervated  intestine.  If  a  l>olus 
of  cotton  wad  and  vaseline  be  intiwliiced,  or  the  gut  be  pinched  beluw 
the  tambour  it  excites  contraction  above  and   dilatation  l»elow  the 
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stimulattxl  point.  The  contraction  preceded  by  the  ililatatioii  slowly 
passes  as  a  perisUltic  wave  down  the  intestine  and  pushi-s  thf  iHthis 
onwanJs.  This  fM-'ristalsis  c«n  Jkj  excitwl  after  section  of  iK.th 
splanchnic  and  vagus  nerves,  hut  not  after  injecting  nicotine  or 
I«inting  the  intestine  with  cocaine.  It  is  a  co-ordinate«l  reflex  carrie<l 
out  l>y  the  j»eripheral  nervous  mechanism  -Auerlwich's  plexus  (HnyliM 
anil  Starling). 

The  small  intestine  receives  ner\e-fil>n's  from  the  splanchnics  which 
pass  through  the  semilunar  and  superior  mesen- 
teric gangli(^  and  along  the  mesenteric  arteries. 
It  also  receives  fibres  from  the'  vagi  through 
the  continuation  of  the  right  vagus.  The 
splanchnic  nerve  inhibits  the  intestine,  while 
excitation  of  the  vagus  after  inji-ction  of  atrojiin 
(to  paralyse  the  canliac  inhibiting  fibres)  augments  the  tone  and  swaying 
movements. 

The  colon  receives  fibres  from  inferior  mesenteric  ganglia  via  the 
lower  dorsal  and  upper  lumbar  nerves,  and  from  the  second  and  thiiil 
sacral  nerves  (pelvic  nerves).  The  forniei'  inhibit  and  the  latter 
augment  the  mi>venients. 


Kui.  I.Ti.  IMa^iuin  «lniw- 
iiiK  |H'ri«t«ltli'  ii.iitnutlnn 
iif  iiiti'i.tiii>'. 


CHAPTER   XLIII. 


SALIVARY   SKCRKTION. 

Salivary  Secretion.— The  su))n)axillary  glan«l  is  situatwl  within  and 
a  little  behind  the  posterior  angle  of  the  lower  jaw  Jione. 

The  animal  anaesthetised  with  ether  and  chloroform  is  placed  on 
its  back,  and  its  head  cxtende<l.  An  incision  is  then  made  along  the 
internal  border  of  the  jaw  bone.  The  internal  border  of  the  digastric 
muscle  is  thus  exposed.  This  is  pulled  aside  by  a  hook  so  as  to  expose 
the  transverse  fibres  of  the  mylohyoid  muscles. 

The  mylohyoid  is  carefully  severed  following  the  line  of  the  digastric 
nuiscle.  The  submaxillar,'  and  sublingual  ducts  crossed  by  the  lingual 
nerve  are  now  exjxjsed  in  the  depth  of  the  wound.  ^Vharton's  duct 
is  the  larger  and  external  to  the  sublingual  duct.  Just  where  the  lingiial 
nerve  crosses  the  ducts  it  gives  off  a  small  branch— the  chorda 
tympani.  In  the  angle  formed  by  the  origin  of  the  chonla  tympatu' 
from  the  lingual  nerve  there  lies  the  sublingual  ganglion  (it  is  erroneous 
to  term  this  ganglion  "submaxillary").  A  ligature  is  placed  benenth 
the  lingual  nerve  central  to  the  origin  of  the  chorda  tympani,  and  the 
lingual  nerve  is  divided  central  to  the  ligature.     Two  ligatures  are 
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fNissnl  under  Whartun'i  duct,  and  one  in  tied.     The  i-honla  tynifiani  is 
then  tetanised  ami  the  duct  filled  with  saliva.     A  V-Rha|)ed  slit  is 


ai««t 


Hyp  M.h. 


Kill.  1*1.-  DixxLt'tluiiof  tlit'KiiliiiiHxillHr>°(<''".»>HX)HiidKiililiiiKiiHl  KUiidHaiid  rlii<t'« 
Hiid  tlif  I1iik<ih1  n«rve  1..  The  churdit  tyiiiiMtil  Iuhvuh  the  IIiikiiuI  and  riiii»  i-li.inf  tlif 
duftN.^  J.ext,  vxteninl  jti)(iiUr  vein  ;  V.(l,  IwHiirh  of  vein  to  Kltiid  :  llyji,  hviKi|{l<MHHl 
iiurvu  ;  M.h.,  iii.rleh.rold  ;  dlK..  dlgiuitric  ;  iiutwi.,  iiuwwtler  iuiim'Ic.    (llunMrdX 

then  made  into  the  duct,  and  a  fine  glass  or  silver  cannula  inserted 
and  tie<l  in. 

The  sympathetic  fibres  run  into  the  gland  with  the  arteries.     Tt> 
e.\[M)8e  the.se  the  digastric  muscle  is  divided  close  to  its  insertion  on  the 

et 


O.c.t. 


Km.  lar.  —  IHaKTHin  of  the  KiihiiMxilUn  and  >nl)Hii«iiiil  ^Iaiidi«  and  duct"  and  thch- 
nerve  supiily  from  chorda  tyni)«ni  and  Hyni|Mtheti<'  I  .  fa.'  il ;  I.i,  lintfual ;  ct,  chorda 
tyni|Mni:  C.e.n.,  cervical  Hyni|Mthetic  nerve;  ({•,  niiliin.  xillary :  <■-',  -oiblininiai 
({land;  c.wa,  ccductnof  Klandn.  (Bernard.) 

jaw  bone,  and  the  posterior  end  of  the  muscle  hooked  l>ack.  A  triangii 
lar  cavity  is  thus  exposed.  The  carotid  artery  with  the  nerves  lie  in 
the  lower  part  of  this,  while  Wharton's  canal  and  the  artery  of  the 
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kIuiuI  HpiMMPH  in  the  npjMjr  \mt.  The  glaiitl  iUelf  lii>N  a  littl«  more 
to  the  liack. 

On  exciting  the  cervical  sympathetic,  «ir  the  iiyni|mthetic  nerve 
tilamento  which  accompuny  the  artery  of  the  gland,  the  gland  will 
{lale  owing  to  vaso-constriction.  A  little  thick  secretion  will  at  the 
same  time  appear  in  the  cannula.  On  exciting  the  choitlu  tymjiani,  an 
aliiindant  secretion  of  thin  watery  saliva  appears.  At  the  name  time 
the  gland  iHscomes  re<l  and  turgid.  The  same  effect  may  l»o  pnxluced 
reHexly  liy  excitation  of  the  central  end  of  the  lingual  nerve. 

The  sulimaxillary  gland  is  encl<«ed  in  a  firm  capsule.  It  is  fed  Jty  a 
liranch  of  the  external  maxillary  artery  which  enters  the  hilus  of  the 
gland.  The  gland  al8«>  receives  small  Itranches  from  the  great  or 
posterior  auricular  artery.  The  veins  are  usually  two,  l.ut  are  varial.le. 
One  enters  the  internal  and  the  other  the  external  maxillary  vein  close 
to  where  these  veins  join  to  form  the  external  jugular  vein.  The  IiIimkI 
coming  fnmi  the  salivary  gland  can  Iw  collecte<l  l»y  tying  a  cannula 
in  the  external  jugular  vein  and  ligating  all  liranchc.  excepting  those 
coming  from  the  gland.  The  exchange  of  I.^HKl-gases  in  the  gland  can 
thus  l»e  determined. 

Nicotine,  30-40  mgmis.  in  tlog,  10  mgrms  in  cat,  injecte«l  intra- 
venously, jjaralyses  the  preganglionic  filires  of  the  chorda  tym[)ani  for 
alsmt  15  minutes.  The  ganglion  cells  of  the  sulimaxillary  gland  are  in 
or  near  the  hilus  of  the  gland. 

Atropine  sulphate,  10-14  mgrms.  in  dog,  5-15  mgrms.  in  cat,  injecte<l 
into  the  l>l(M»d  jtaralyses  the  secretory  fihres  of  the  chonla  tymjwni, 
while  it  leaves  the  vastniilator  fihres  untouched.  Pilocarpine  nitrate, 
1-2  mgrms,  produces  prolonged  and  plenteous  secretion.  The  anta- 
gonisHi  may  lie  shown  l»y  injecting  atropine  into  the  IiUmkI  and  then 
injecting  a  little  2  per  cent  solution  of  pilocarpine  into  the  glami  l>y 
way  of  the  duct  (.unaula. 

If  the  duct  cannula  is  connected  with  a  mercury  manometer  an«l  the 
chorda  tympani  stimulated,  the  secretory  pressure  will  l>e  observed  to 
rise  higher  than  the  pressure  in  the  carotid  artery. 

The  sulimaxillary  gland  can  l»e  place<l  in  a  plethysmograph  and  its 
volume  recorded  (Bunch).  Stimulation  of  the  cervical  symjiathetic 
causes  very  considerable  diminution  in  volume  and  a  scanty  8<>cretion. 
Excitation  of  the  chorda  tympani  is  followed  by  diminution  in  volume 
in  spite  of  vasodilatation.  This  is  due  to  the  copious  secretion. 
After  injection  of  atropine  the  volume  is  increased  by  chorda  excit-ition. 

If  a  cannula  lie  placed  in  the  cervical  lymphatic  just  ak  a  where  it 
enters  the  thoracic  duct  the  effect  of  stimulating  the  salivary  gland  on 
the  outflow  of  lymph  can  lie  observed  (Bainbridge). 
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Stimulation  ..f  the  chonla  or  i.ijccti.m  of  pil.K:iirpine  irurcaHw  the 
oHtflou-  of  lymph  2A  time*.  If  Whnrton'H  ch.ct  Ikj  olmtriieU.I  the 
lymph  flow  in  not  m,  great.  After  injection  of  utro|)ine  no  Kiuh 
Hicn-iwe  m  found.  Stimulation  of  the  «ym|«thetic  Hi«o  increancH  the 
now  of  lymph. 

When  a  permar.ent  salivary  Hiitula  in  nwle,  and  the  duct  cannula  in 
aininged  to  empty  into  a  v.-.s«el  atUiched  to  the  dog's  neck,  it  ia  found 
that  the  chunicter  of  the  secretion  varies  with  the  nature  of  sensory 
.-.vcitation  (Pawlow).  Sto,.  .  placed  in  the  dog's  mouth  are  rejecU.I 
without  flow  of  saliva.  San.l  is  washed  out  l.y  watery  saliva  which 
contains  almost  no  «ulid  or  ferment.  F.khI  provokes  the  secretion  of 
s,il.va  rich  in  ferment.  The  reflex  and  sulnconscious  nervous  mechanism 
which  controls  the  8ecretio,i  of  saliva  thus  carries  out  actions  which  are 
similar  to  voluntary  or  willed  actions. 


CHAPTKU   XI.IV. 
iiAMIilC   AM)   I'ANCRKATIC  SKCRKTIOX. 

The  Oastric  Secretion  is  ol.tained   l.y  n.ukiin;  an  incision  in  the 
«tom.a,h  as  in  Fig.  138,  «nd  then  reflecting  and  suturing  the  mucous 
meml.raiie  ot  the  stomach,    so  as  to  make  a  separate   secreting  .sac 
which  IS  still  HI  muscular  and  nervous  continuity  with  the  rest   of 
the  stomach.     The  mouth  of  the  sac  is  sewn  to  the  opening  in  the 
alKlominal    wall    (Pawlow).      The    vagus    is    e.xposed    ligatured    and 
divide.1.     Three  days  later  the  peripheral  end  of  the  vagus  is  excited 
in  the  unanaesthetised  animal  ami  the  juice  collected."     Anaesthesia  or 
o|K'rative  procedures  easily  inhal.it  the  gastric  secretion.    Pawlow  or)ens 
the  gullet  in  the  neck,  and  stitches  the  ends  of  the  gullet  to  the  open- 
ing.    The  dog  is  then  given  meat.    He  eats  it,  and  the  meat  falls  out  of 
the  opening  in  the  gullet.     This  fictitious  fecnling,  which  the  dog  will 
enjoy  for  an  hour  or  .so,  leflexly  excites  secretion  of  gastric  juice 
Mechanical  excitation  of  the  mucous  memhrane  of  the  stomach  does 
not  provoke  secretion. 

The  Pancreatic  Secretion.-In  the  anaesthetised  dog  the  duct  of  the 
pancreas  is  exposed  where  it  lies  on  the  dumlenal  wall  and  a  cannula 
inserted.  A  piece  of  the  jejunum  is  excised,  chopped  up,and  suhmitted 
to  the  action  of  04  per  cent.  HCl.  This  acid  extract  of  jejunum  on 
being  injecte.1  intravenously  excites  a  copious  secretion  of  the  pancreatic 
juice.  Normally  the  acid  of  the  gastric  juice  on  coming  in  contact 
'  This  experiment  cannot  be  demonstrated. 
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i-haiiffe*  a  Mulmtaiice   c«ll«l  i>nisrr,fti„  ii,t,> 


with  the   intCHtinal    • 

The  secretin  in  a\m>rU'i\  into  the  «ircnliiti.n«  unil  |WMiiig  to  the 
IMitcrea-  exiit.-s  the  jjaiicn-utic  secretion.  Thf  effect  of  Hecretin  .aii 
Iw  ol.taineil  ei,im!ly  well  after  enervation  of  the  w.lar  piexu-t  or  iiijw- 
tion  of  atropine.  Prowcrctin  is  inactive.  It  can  Ik)  ol.uine«l  in  0  9 
NaCI  extract  of  jejunum,  arul  can  U- chanjjcl  into  Hccretin  l.y  iK.ilinjj. 
No  secretin  can  »w  ol.taine«l  from  the  ileum.  The  pure  j'wncreatic 
juice  which   is  olitainecl    in    the  ub..ve    maimer,   has    practically    no 


o 


i.iciit  of  »t..nmcl.  »«i«nit«d  off  :  A,  »l«lo.„l„«l  wall ;  ,,  ,„ui.,u»  i..«.i,l.™,.„ ;  p,  pyl.W;,  ■ 
0,  nwiphaifui. :  Hv,  rlifhl ;  Iv.  left  vhkiw  iiervi-.  .r,i}iTUH. 


action  on  fibrin,  but  is  active  towards  starch.  The  juice  is  rendered 
active  towards  fibrin  by  the  addition  of  succus  entericus  (Bayliss  ami 
Starling).  The  substance  in  the  succus  entoricu.s  which  activates  the 
trypsinogen  has  been  called  entero-k'nase  (Delezenne).  Pawlow  ex- 
cited the  flow  n{  pancreatic  juice  by  stimulating  the  vagus.  It  is 
possible  that  the  flow  is  indirectly  excite«l,  for  stimulation  of  the 
vagus  causes  the  passage  of  the  acid  gastric  juice  into  the  duwlenum. 

Pawlow  makr^s  a  pormani  it  pancreatic  fistula  in  the  following  way. 
A  small  piece,  inchuling  tho  opening  of  the  pancreatic  duct,  is  cut  out 
of  the  duodenum.  The  duodenum  is  seweci  up  without  appreciable 
reduction  of  its  lumen.  The  excised  piece  is  sewed  into  the  aWominal 
wall  with  the  mucous  surface  outwards.  The  animal  cage  is  kept  well 
covered  with  sand,  so  that  the  juice  is  absorbed  when  the  animal  lies 
down,  and  does  not  irritate  the  edges  of  the  fistulous  opening. 

Pawlow  finds  that  the  activity  of  the  ferments  in  the  pancreatic 
varies  with  the  diet.  The  juice  is  richer  in  trypsin  .»ii  a  milk  diet,  in 
amylopsin  on  a  bread  diet.  There  is  more  steapsin  on  a  milk  than  on 
a  bread  diet. 
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CHAPTER  XLV. 


ABSORPTION. 

Absorption  of  Pat.— A  cat  is  fed  on  milk,  and  three  or  four  hours 
later  is  killed.  Open  the  abflomen  and  expose  the  mesentery.  The 
lacteals  will  appear  as  white  cords,  and  the  mesenteric  lymphatic 
glands  turgid.  Expose  the  thoracic  duct  at  ito  entrance  at  the  junction 
of  the  lea  jugular  and  subclavian  veins.  Open  the  duct ;  a  milky  white 
fluid  will  escape.  Fix  some  small  pieces  of  jejunum  in  osmic  acid,  1  per 
cent,  sol.,  and  make  teased  preparations  of  the  columnar  cells  in  dilute 
glycerine.     The  cells  will  appear  full  of  fat  droplets  stained  black. 

Absorption  (Beids  ExperiniMit).-The  abdomen  is  opened  in  the 
anaesthetised  animal.  Two  loops  of  small  intestine  are  chosen  of  equal 
length  and  ligated  at  either  end.  One  lo<ip,  A,  is  washed  out  with 
isotonic  XaCl  solution,  the  other,  B,  with  distilled  water  or  isotonic 
saline +  01  per  cent,  sodic  fluoride. 

An  e^iual  measured  amount  of  the  animal's  own  serum  is  then 
p  aced  in  each  loop.  The  serum  is  obtained  by  drawing  off  some 
blood  from  the  carotid  artery.  The  blood  is  whipped  and  centrifuged. 
After  one  hour  50  per  cent,  of  the  water  may  be  absorbed  from  A  and 
none  from  B,  in  which  the  columnar  epithelium  is  destroyed  by  the 
reagents  used  to  wash  it  out. 

Ten  minutes'  anaemia  induced  by  clamping  the  mesenteric  arteries  has 
the  same  effect  in  preventing  absorption.  The  water,  organic  solids 
and  salts,  are  taken  up  by  the  intestinal  wall  from  the  animal's  own 
serum  which  has  the  same  osmotic  pressure  as  the  blood  in  the  mesen- 
teric vessels.  This  occurs  when  the  hydrostatic  pressure  of  the  gut  is 
Mow  that  of  the  blood  in  the  mesenteric  veins,  and  when  the  lacteals 
of  the  loop  are  tied.  Osmosis  and  filtration  are  thus  excluded  in  this 
experiment,  and  alworption  must  be  ascribed  to  the  selective  actidty 
of  the  living  columnar  epithelium. 


PART  II. 


PHYSIOLOGICAL  CHEMISTRY. 

ELEMENTARY  COURSE. 

INTRODUCTION. 

PHYsioLOiUCAl.  Chemistry  or  Chemical  Physiology  is  the  sul)jeet 
which  treats  of  the  chenncal  pnx-esses  coiinectet'  with  life.  It  com- 
prises a  study  of  the  chemical  constitution  of  the  various  tissues  and 
of  the  chemit.il  nature  of  the  constajit  interchanges  un.lergone  l.y  the 
fowl-stuffs  in  their  passage  through  the  organism. 

Plants,  under  the  influence  of  the  sun's  rays,  have  the  power  of 
combining  the  various  pimple  sulwtances  al^sorlied  hy  the  roots  and 
leaves  into  complex  organic  compounds.  Their  chemical  processes 
are,  therefore,  of  the  nature  of  'syntheses.'  The  complex  l)odies  thus 
produced  have,  locked  up  in  their  molecules,  a  large  amoiuit  of 
potential  or  latent  energ.v.  Animals  eat  the  prcnluct*  of  plant  life 
in  order  to  obtain  this  energy.  This  they  accomplish  in  their  tissues 
where  the  complex  molecule*  are  resolved  into  simpler  ones  and  the 
potential  energy  l>ecomes  liWrated  as  actual  or  kinetic  energy,  which 
is  then  use<l  for  the  pnxjesses  of  life.  Their  chemical  interchangt-s  are 
therefore  of  the  nature  of  'aruilyses.' 

All  the  food-stuff,  however,  is  not  thus  decom|M)se<l  by  the  animal,  a 
certain  amount  of  it  being  used  in  onler  t<.  })uild  up  the  tissues  them- 
selves (e.g.  muscle,  glands,  etc.),  and  a  ceitain  amount  Iwing  laid  aside 
as  storage  material  {e.g.  fat)  availal)le  U)  the  organism  as  focnl.  should 
the  amount  of  this  latter  supplied  from  without  be  insufficient  for  the 
needs  of  life. 

It  will  1h!  seen,  therefore,  that  the  study  of  physiological  chemistry 
includes  the  chemical  compf>8ition  of  the  \arious  fwKl-sturts  and  of  the 
tissues,  as  well  as  the  nature  of  the  chemical  interchanges  which  these 
food-stuffs  undergo  in  the  tissues. 
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The  chemical  siilmtaiicefl  which  exist  in  the  food-stuifs  and  tissues 
may  l»e  divideil  into  iiionjanic  and  onjanii;  the  former  include  water 
and  the  mineral  salts,  and  the  latter  consist  of  organic  compounds 
containing  the  elements  carlwn,  oxygen,  hydrogen,  and,  in  a  certain 
class  of  them,  nitrogen.  The  organic  sulmtances  are  divided  into  two 
groups  depending  on  whether  they  contain  nitrogen  or  not.  The 
nifroffeiions  food  stuff's  include  proteid,  which  is  the  most  important  con- 
stituent of  the  tissues,  and  without  which,  as  a  food-stuff,  animal  life  is 
impossitile.  The  mn-mlmfeiiom  inchule  the  fats  and  carbohydrates, 
the  latter  l>eing  pre-eminently  the  combustion  material,  and  the  former 
the  8t<irage  material  of  the  animal  l>o<ly. 

T'le  chemical  composition  of  fats  and  carlwhydrates  is  accurately 
known,  hut  with  reganl  to  the  structure  of  the  proteid  molecule  we 
know  next  to  nothing.  Much  less,  therefore,  do  we  know  of  the 
chemical  constitution  of  living  protoplasm  of  which  pmteid  is  the  chief 
constituent.  Living  matter  cannot  l»e  analysed,  for  the  mere  process 
of  analysis  necessarily  kills  it,  and  the  results  obtained  show  only  the 
deccmiposition  products  of  dead  matter. 

These  bodies,  fats,  proteids,  and  carlM)hydrates,  really  represent  the 
elementary  constituents  of  the  organism,  so  that  they  are  fre»iuently 
calleil  the  *  proximate  prinnplen.' 

\\'e  shall  first  of  all  stuiiy  the  chemical  nature  of  the  proximate 
principles,  then  the  variety  and  amount  of  these  contained  in  the 
various  tissues  and  fcxxls. 

\Ve  shall  then  l>e  in  a  position  to  invewtigate  the  nature  of  the 
chemical  in't^rchanges  in  the  organism,  an(i  in  order  to  do  this  we 
shall  recjuire  to  study  the  chemical  onijjosition  of  various  excretory 
Ixnlies  given  off' in  the  urine  aiid  other  excreta. 


CHAPTER  r 

CARBOHYDRATE.S. 

animal  tissues     Thev  form   „        •      ^®"""^^'  ''"'  ""ay  a'so  occur  m 

easily  digest  d  and  lifted  L'"'"'''"'  "^''"^'^  '"  '''^'  *" 
proteids  and  fats  (Tee  Wet  i  '"t  ""r""  T  '""'^^  ^''^"'^^  ^h«" 
is  called  a  monosaccharide  and  ^1  '"^P^'^'J-^  of  carbohydrate 
from  this  by  theTonSa'ioT^t^^^^^^^^^^^  T  ^^^^ 

saechaHde  (disaccharides),  or  of  se:^ (p::Ch:S:st  ''  '  """^- 
I.  Monosaccharides 

'A  primary  alcohol  is  one  in  whi-h  th.>  •  fm  •  „.  i  ^ 
tl.e  .a«t  C  .0.  of  the  -.e.n.e-:;tt  Jr"p:;X:lr"^^     *^  ''''"'''  '" 

iiml  it  contains  the  end  croup   -CH  OH      if'       '.i 

-thealcohol  «  called  secondary,  and  contains  the  g,„np  _  (-jroH 

L 
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Thus,  if  ethylic  alcohol  be  heated  with  potassium  bichromate  and 
sulphuric  acid,  it  is  oxidised  and  acetic  aldehyde  is  formed: 
CH,  -  CH,OH  +  0  =  CH,  -  CHO  +  ll,n. 

Ktliyl  alcohol.  Acetic  iililehytlc. 

This  group  -  CHO  is,  however,  not  a  stable  one,  but  very  readily 
undergoes  further  oxidation  to  produce  the  acid  radicle  -  COOH, 

CH.,  -  CHO  +  O  =  CH,  -  COOH. 

Acetic  alilehytle.  Acetic  acid. 

Aldehydes  are  consequently  strong  reducing  agent.s,  and  it  is  this 
property  which  constitutes  one  of  their  most  important  group  reactions, 
for  the  reaction  is  frequently  accompanied  by  a  visible  change  in 
the  colour  of  the  solution.  Thus,  in  the  above  experiment,  reduction 
causes  the  yellow  chromate  to  be  changed  into  the  green  cliromate. 

Their  power  of  reducing  cupric  hy<lrate,  which  is  blue  in  colour, 
to  cuprous  hydrate,  whicii  is  red,  and  of  reducing  argentic  nitrate 
to  metidlic  silver,  is  of  especial  vahie  as  a  test.  Similar  n•acti^n8 
are  obtained  with  certain  bismuth  and  mercury  salts.  In  order  to 
pro<luce  these  reactions  it  is  necessary  that  the  solution  lie  alkaline  in 
reac-ion 

Exi'KRlMKNT  I.  Demonstrate  the  reducing  power  of  a  simple  alde- 
hyde, such  as  fonnalin,  using  cupric  hydrate  as  the  metallic  salt.  Place 
one  drop  of  a  weak  solution  of  cupric  sulphate  in  the  test  tube.  Add 
about  ten  drops  of  formalin  (or  aldehyde),  and  then,  drop  by  drop, 
a  strong  solution  of  caiistii;  potash.  The  first  drop  or  so  of  the  latter 
produces  a  jirecipitate  of  cupric  hydrate,  but  it  afterwards  becomes 
redissohed,  as  aldehyiies  have  the  power  of  tlissolving  cupric  hydrate 
in  alkaline  solution.  Now  boil  and  note  that  a  reddish-yellow  pre- 
cipitate of  cuprous  oxide  is  produced.  The  chemistry  of  the  reaction 
is  illustrated  by  the  following  ((juations  : — 

U.%u,..     CuSO,  +  ->KOH  =         Cu(OH).,  +  K.,S(),. 

( 'uj>iic  Milpliiit'i  +  cauftic  potiisli.       Cupric  liyiliatc    >-  pot.  sulphate. 
The  cuprii    hydrate  is  kept  in  solution  by  the  aldeliyde  to  form  clear 
blue  solution. 

2,i>l  S«„;te.     iCu(OH)., -H  KCHO     -     Cu,(OH),+ KC(KiH  +  H..0. 

(.'.ipric  iiy (Irate  t  iililebyile.  (  uin  ous  liy ."irate  -!-  aci<l. 

By    heating    the    cuprous    hydtate    losys    a    molecule    of    water    and 
ciiange."^  into  the  oxide  :  Cu.{0.4),  -  H_,0  =  Cu.O. 

Fmkui.m.<;nt  .U.     I  >enion.strate  the  reduction  of  silver  nitrate. 

Place  attout  ■'>  c  c.  of  an  ammoniaira!  solution  of  silver  nitrate  (pro- 
parod  by  adding  ammonia  to  »  .solution  of  silver  nitrate  till  the  preci- 


BLEMKXTAnv    PHV.s„„.„„.AI.  n.KM.STnv  „■, 

v.-  .       .  l>exlir)NC. 

l.y.lr.te  at  «„,  f„,„,„|  r.,li»olve.  ,„, ,  ,  '"'7""'  °'  "'f™ 

KxrnuMEv,  IV      n  '"''"""■"""»' »P™ii.  oxide  resul.i,,,.. 

only  «ell-k„„w„  k..„„  i.  wt:,      '"''"'  ""'  ""l"='"S  I'owr.     The 
Bwctions  poc„li„  u,  Oart>oli,dr.t« 

«'it«.-„„.  Ti,.  „,„«  i„„„,;;l ':,  ;i;:.,:'2*:':^  »■'  ■'■•»>  <i.en-.i  .o„. 
...«- ';°:::  t;::;;":;„:^;;;:'  ,= r ""  -■'"■  ^-^ » ^. 

•■>."-..»».iei„,.„..i,  „„,„„,„,  .,;;*"' '-  ■"■■I'  s."..i..  Kiijii,  i„i,„i ,, 
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/.  Fenamlalion  with  Yeast. — By  allowing  yeast  to  grow  on  a  solution 
of  dex  :ro8e,  the  latter  is  split  up  into  alcohol  and  carbon  dioxide, 
C,H,,0„  =  2C,H,0H  +  2C0, 
Dextrose.     Kthylic  alcohol  +  carbon  dioxide. 

All  carbohydrates  do  not  give  this  reaction.  It  is  of  great  value  as 
a  test  for  the  presence  of  dextrose  in  the  urine.  Commercially  it  is 
the  agency  employed  in  the  preparation  of  alcoholic  beverage.s. 

To  ascertain  whether  the  addition  of  yeast  to  any  solution  produces 
fermentation,  the  process  should  be  allowed  to  proceed  in  an  inverted 
tube,  so  that  any  carbon  dioxide  gas  which  may  be  developed  may  be 
collected,  and  if  necessary  tested  for  (see  p.  274). 

//.  Ilotiilion  of  Polarised  Light. — All  simple  carbohydrates  (mono- 
saccharides) rotate  light  to  the  right  except  laevulose,  which  rotates  it 
to  the  left.     (See  Advanced  Course.) 

HI.  Moure'a  Test. — When  heated  with  caustic  potash  a  dark  substance 
called  caramel  is  produced.  This  is  also  produced  when  sugar  is  burnt. 
Caramel  contains  several  chemical  bodies,  the  most  important  of 
which  is  an  acid  called  levulinic  acid  (CH^  -  CO  -  CH^  -  CH^  -  COOH). 

Experiment  YI.  Mix  equal  quantities  of  a  1  %  solution  of  dextrose 
and  40%  NaOH  in  a  test-tube ;  heat.  A  yellow  to  brown  colouration 
results,  and  a  smell  of  burnt  sugar  (caramel)  is  evolved,  especially  on 
adding  weak  H.^S04. 

The  Chief  Monosaccbarides  are  dextrose,  laevulose,  and  galactose. 

Dextrose,  Orape  Sugar  or  Qlucose  (CgHj^jO^)  is  found  in  many  fruits 
and  is  an  important  food  stuff.  In  the  healthy  animal  body  it  occurs 
in  minute  traces  in  blood  and  muscle,  and  in  disease  its  percentage  may 
rise  in  the  blood,  and  it  then  also  appears  in  the  urine  (see  p.  271). 

It  is  soluble  in  water  and  in  alcohol.  It  has  only  a  slightly  sweet 
taste.     It  rotates  polarised  light  to  the  right. 

Laevulose  (C„H,oOg)  is  found  along  with  dextrose  in  fruits,  and 
results  from  the  hydrolysis  of  cane  sugar  (see  disaccharides).  It  is  very 
rarely  found  in  animal  tissues.  It  is  crystallisable  uith  great  difficulty, 
being  usually  obtained  a*^  :  putty -like  mass.     It  is  laevo-rotatory. 

Galactose  (C,.,H,.^Oy)  is  a  dextro-rotatory  sugar  produced,  along  with 
dextrose,  by  hydrolysin}^  lactose  (see  Disaccharides).  Certain  gums 
also  yield  it  on  hydrolysis.  It  differs  but  slightly  from  dextrose  in  its 
reactions. 

II.    DlSA(CHAKIDK8. 

Chemically  each  molecule  of  a  disaccharide  consists  of  two  molecules 
of  a  monosaccharide  minus  one  molecule  of  water. 

2C„H,A>-H.,0  =  C,,H2,Oa 
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JiT.r:'r;^„tzrr2  """■"■- "-  ■■■■  ->' 

they  split  up.  ^     molecule  ot  water,  .n  con8e.,uence  of  which 

JltlTrXl'-llr  "":'\'»"'"«  """  »  •"'■  "". 

ren„.„t^  ""'  •"'•"™'  *"'<  "••  "«  of  certain  o,^i.ed 

cane,  bee.r.^;*^',;:     ,  tS^V.r^Sr'''  *°"  •"»" 

i.  cp.bl.  of  boM  n  kt^f'  no  r«la..i„„  „„„„.  .b.  „„,  4„ 
blue  .„]„„,  i,  Zjcej'  T  '  "V  T  '°"""'"'  «  ">•'  •  clear 
reducing  .„g.„rd::l"J'  """  ""■  *■"""■      "y  hyd,»l>..i.. 

•lextros.  a,„l  |ae.„l„,^,  ■nono,«.cl,.ridea  developed  are 

DkMOXSTRATION  III        A    snliit;,.«      f 

l."t  after  Mrolp  J  ,  ,^j;^™»;°f '7  "Sar  1.  dextro-rotatory, 
lacvuloae  being  stronger  Zl,^!T^'  "  ''"^•""'ory  power  of  the 
formed.  On  L.  Jcfnn'h"  pteLoTb^vIZ  •'""'"  °'  "'  ""■"»" 
/.«■«»,  and  the  hyJrolysingTr.n  1      '       "  '°'°""""  '"""' 

de..eternt'";£-:,.':,t;rber '-  ""'■  -"  '■  -•  '«™ 

"■ith  yeast,  but    t  UNdcrwe    r,^i!,   ,"  ''°"  "»'  "'•'Jil)'  '"™cnt 
..r..ni.n,  .hieh  results  i.,  S:;Zi:^J'^'::-"   "'"'   ""•"'"' 

OH 

C'|,H.,,o,|  +  H.O  .  JCH.  _  cHc 
U^^ce.  ™etalfc  „xid„  in  .„Wi„e  »„„„„,,    ,. ,,  ,„„„. 


166 


FHACTK'Ali  PHYSIOIjCMJV 


wliva,  or  of  (tmi/lopsin,  a  ferment  in  the  pancreatic  juice.  It  is  ako 
produced  l>y  the  action  of  malt  diastase,  and  to  a  certain  extent  by 
ordinary  Iiydrolyaing  agencies  acting  on  starch. 

By  moistening  barley  and  allowing  it  to  germinate  in  heaps  at  a 
constant  temperature,  the  starch  which  it  contains  is  converted  into 
dextrose  (see  below)  and  maltose.  This  change  is  brought  about  by 
the  ferment  calle<I  diastase  which  exists  in  barley.  The  product  when 
dried  is  called  rtuili.  If  this  be  dissolved  in  water  and  the  yeast  plant 
allowed  to  grow  on  the  solution,  mailed  liquors,  such  as  beer  and  ale, 
are  obtained. 

Maltose  readily  ferments  with  yeast,  being  first  of  all  inverted  into 
two  molecules  of  dextrose  by  the  inverting  ferment  contained  in  the 
yeast. 

It  reduces  metallic  oxides  in  alkaline  solution. 


CHAPTER  II. 


CARBOHYDRATES-C..NTIM  Eu. 


III.    POLYSACTHARIUI'X 

A  roLYSACC'HARlDE  is  the  condensation  jw^liict  of  more  than  two 
monosaccharide  molecules,  and  has  .tccordiBgly  tiie  general  formula, 
(C8H,„0j)„,  where  /*  stands  for  a  variable  numlier  They  can  be 
hydrolysed,  the  ultimate  products  being  monosaccharide.-* ;  po'ysac 
charides  (dextrines)  of  lower  molecular  weight  {i.f.  with  n  of  less  va'ue), 
and  several  disacchari<les  being  developed  as  internuiiiate  piodu'  u. 

Thus,  when  starch  is  boiled  with  a  weak  acid,  or  is  acted  on  by  the 
active  ferments  ptyalin  or  amylopsin,  it  yields  at  first  dextrine — a 
lower  polysaccharide — and  maltose — a  disaccharide.  The  foniiei  nf 
these  IS  then  further  hydrolysed  to  form  maltose. 

The  most  important  members  of  this  group  are  stuitl),  iex.iine, 
glycogen,  r.'llulose,  and  "ims.  They  aro  very  wi.lely  distributed  in 
vegetables  a«d  cotistiiute  u  most  important  class  of  food-stuffs. 

CtenanJ  CShuracters.  They  do  not  form  crystals,  nor,  with  few 
exce|>tions,  so*  they  soluble  in  cold  water.  Fe^  y\  '.*  anv  sweet 
taste.  They  do  not  reduce  metallic  oxides  in  aik'lin»»  solutio  ..  th'. 
do  not  form  osazones,  and  they  cannot  be  fermented  vitb  yeasts. 
They  are  precipitattni  when  their  solutifis  are  saturated  v.ith  '^.  rtaii. 
neutral  salts,  such  as  ammonium  sulpha  >•  They  may  i>i;  sub-divided 
into  three  sub-groups,  the  starches,  the  gun   ,  un<'  t-^llulose. 
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vegetable  kinKdom  for  it  is  in  fh;-  f        •'"*"*'"'*''  'arbol.ydmte  in  the 

or  n..tH„,e„t.^  w/::rr;  iX  a^if  i:Tn:r!"^'^^^^^ 

forn.e.l  in  the  leaf  by  the  chemical  ener^       the  «„n        '  "  " 

the  crude  chemical  substances  absor     n^  th  eJ  s     Z  """^'  "" 
of  dextrose  thus  produce.l   be  in  exce  s  of    h/  ,  *""""" 

plant,   it  is  stored   up   as    sta  ch       Th  f  'T'""'  '"'''^'  "^  '''^ 

-en    in     various    parU    of    th     "   Jt       T.        ' /'"'"    "">     ^' 
nn-croscope  concentric   markinl    prl,      d  Iv' ./     "    " ''"    *'" 

whlh  tlTa^eltalrln'tT''^  varies  according  to  the  plant  from 

two  groups  :      )  a  Zp  .„  wS  T""""  '''^  """'  ''^  '''^'''-'  "'^« 
barley,  arrowroot  SZ    /il     ^^e.r  contour  is  even,  such  us  wheat. 

as  in  tapioca  and  sago         "^  '"^  ""**  "'=^'  «'  ""'^^  l-^'i*")-  «o. 

~r  ^ouSr  tur^-^^^^        Of 

the  Hour,  etc.,  with  a  drop  of  water  on  a  shde        "^  "  ^"  *'"''  ™'^ 

This  is  not  a  tn^  solution  as  o^ly  a  XeTa  t"  T"?   'f'"^'  '°^"«'^- 
^.u.  swollen  up  into  transparentX;^:;S'::;:^t:;:'r '  '''  '''' 

ba^iT^^htid'irris-^^^-''^---  -' 

opalescentsoluUon  wluTe  prXed  aJifT V°"'  '''''  ''''''  ^» 

ti.is  will  gelatinise  on  coolinr  Trv  Tr-  "^'^'"**='*'"\^'""-«"»'--^'«n. 

no  rolaction  occurs.     By  boiling  Ml     7^  T   ""'''  ^"""^  ■'^•''"^=°" 

...o  r„p.ureu.  the  ^IL  btg^tra^d""^^^  '^^^"  ^^  '''^  ^'™"'"« 

a  ^:::rt^s  J!::g::r^rt' ;t  ^"  ^"^  --'''  -•  «^^ 

test-reduction  .k-cu™       ^  "  '^'  '"*^  =  "'^^  -^PP'^'  Trommer's 

layers  have  not  been  h'lX^dr  ^"^  ''"  '""'^'"'^  '^•^""'-' 

The  standard  test  for  starch  is  with  iodine  soluUon 
Ex..KKmKNT  XII.     To  ...  opalescent  solution  of  starch  add  a  drop 
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or  two  of  liquor  iodi : — a  blue  culuur  r«?mi!t8  which  diuppMr*  on  heating, 
and  retuma  again  on  cooling.  Exceaaive  iieat  must  l»e  avoided,  aince 
the  iodine  is  volatile. 

Starch  granules  also  give  thii<  reaction  under  the  microscope,  as  doea 
the  cut  surface  of  a  potato. 

Hydrolysis  can  be  effected  by  boiling  with  a  w»ak  acid  or  by  the 
action  of  ferments  ptyalin  and  amylopin  (tee  above),  and  malt 
diastase  (see  Advanced  Course). 

ExPEKIMKNT  XIII.  Place  some  sUrch  solution  in  a  flask  and  add 
to  it  a  few  drops  of  2ft%  sulphuric  acid  :  boil  for  about  a  (juarter  of  iin 
hour.  Now  apply  the  iodine  test  and  notice  that  instead  of  a  IiI.r  a 
port  wine  colour  is  produced  (due  to  dextrine).  Apply  Trommer's 
test,  and  note  that  reduction  is  effected. 

The  sugar  prodtjced  by  hydrolysing  with  an  arid  is  dextrose,  whereas 
that  produced  by  ferment  action  is  maltose  (see  Advanced  Course). 

Oljreogen  (('„H,„Oj),.— .Tnst  as  plants  store  up  excess  of  carbohydrate 
in  tlie  form  of  starch,  so  do  animals  store  it  in  the  form  of  glycogen. 
The  chifif  seats  of  this  storage  are  tlio  liver  and  muscles,  but  in  the 
embryo  it  is  more  widely  distributed. 

The  chief  reaction  for  glycogen  is  the  port-wine  colour  that  it  gives 
with  iodine. 

KXPKUIMKNT  XIV.  A  solution  of  glycogen  is  given  round.  Notice 
that  it  is  opalescent.  Add  to  this  a  drop  or  two  of  iodine  solution. 
A  port-wine  colour  results,  which  disappears  on  heating,  and  returns 
on  cooling. 

ExrKRiMENT  XV.  Add  some  basic  lead  acetate ;  a  precipitate 
results. 

Experiment  XVI.  Try  Troi.-.mer's  test ;  no  reduction  occurs,  but 
the  Ca(OH)^  is  kept  in  solution. 

Experiment  XVII.  To  some  of  the  solution  add  a  ew  drops  of 
2.")%  H_,SO<,  and  boil  for  about  ten  minutes;  r«»d  ictior  now  occurs, 
dextrose  being  produced. 

Dextrine  (C^H,uO^)„  — During  the  hydrolysis  of  starch  dextrine  is 
formed  as  an  intermediate  product.  British  gum  is  dextrine  produced 
by  heating  starch  to  20(t°  C  This  substance  is  much  employed  in  the 
manufacture  of  envelopes. 

Dextrine  is  a  fawn-coloured  amorphous  iwwder,  soluble  in  cold  water 
and  forming  a  clear  solution  with  which  the  following  reactions  can  be 
obtained : 

Experiment  XVIII.  Add  some  iodine  solution  ;  a  port-wine  colour, 
like  that  obtained  with  glycogen,  results,  which  disappears  on  heating 


ELKMENTARY  PHVSIOU^ucAL  rHHMlHTKY 

and   return!)  on   coolinir  T»  ••  «..!            * 

,/./o„._wl.ich  It  tL  ri..         V"' J°""   "^  dextrine  -oyy..,. 

-doe.  not.         ^  ""'*'""•  *''^  °^''"  -''"•ety-.../.w.x/r.«. 

Ex.KR,M.NT  XX.     Hydrolase,  and  a  reduction  will  he  obuincd. 


CHAITKH   HI 
HROTKIDS. 

...."tt,  ::x:;;,:;:::u'?;''''  • '■-■. "•'■  • - i« 

lU  to,«K  th«ir  «l«.„,-,.  fm„,  ,1.       ■      ,  '  ""  "'"'  '"'ll"l«-"»il'le 

».K.™ict^"r;;^.v  i  S/'-u*';''''' "" '  "■•■ -i" 

™....i„  ,u.  .■i™,om:«;h,"^:  ;;'■';;;■;;?:  • ';- « i-  '• 

P'"tei.I    fn>n.    another.      The   folI,.„i    ,    f      '  '     '-'■"K'-h'"K  -ne 
eom,i<,8itioMforali  protei(|.s:_  "  "'**"    pn-ntaf,',. 

<^       -       -       r)Ofi 
ff      -  ()-) 

^        -         -  15() 

^  -         *  0-3 

loosely  eoml>i»e.l  ,x,rtion  of  c.uh  ..f  U  ,         '     ^•""''"'""l.     Th. 

^XJEKIMKNT  r.     The  loosely  combined  Nitrown     T..    i     ,  u 
<-ul.K-  centimetres  of  diluted  e«u.uh  te  add  «f!    i  I  ''  *"'' 

caustic    poUish  ;    warn,    slowly"    ,„1    .,!  ''"  "^  '**  P"""  ^•^'"^• 

••'-  showiu,  that  ammonia  ,as  is  ..u:t.^    T^: :::Z:Z 
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also  ho  .Uaectod  hv  its  smell,  or  l.y  lioLliiig  th."  stopi^'r  of  the  e..n- 
centiated  hydnKhioiie  aeid  In.ttle  over  th<>  iiH.uth  of  the  test  tube 
when  fiinies  of  ainnioiiiiiiii  ehloride  are  formed. 

Kxi'KiuMKNT  II.  The  loosely  combined  Sulphur.-  To  alnuit  five 
cubic  centimetres  of  -JO  iH-r  cent,  canstic  in.tash  add  two  .In.ps  of 
lead  acetate  soluti..n  :  a  precipitate  at  ti.st  f..-ms.  which,  however, 
redissolves  ..n  shaking.  When  clear.  a(Ul  son..-  soh.tmn  of  ej;j;-white 
and  boil,  when  a  brown  to  black  clour  will  b.-  develoiH'd,  due  to  the 
lead  sidphide  which  is  fornu'd. 

Hv  studyinj;  th.-  decomtx.sition  pr.Hlucts  resnltinj;  from  then- 
hvdrolvsis.'mrnv  attempts  have  been  ma<h-  to  .-onstruct  th.-  con- 
stituti.'.nal  f<.rmula  of  protei.ls.  and.  althoujjh  this  has  not  b.-.-n  attauied, 
still  much  knowle<lge  has  been  gained  of  th.-ir  chemical  nature. 

The  basis  of  construction  of  all  [Hoteids  is.  according  t..  Kossel,  a 
ImkIv  called  ,.fot.,nnn  (C,„H,;N,;(>,),  which  yields  on  hydrolysis  three 
basic  substances,  lv.sin.  histidin,  and  arginin,  each  containing  six 
carbon  atoms,  and  hence  called  hexone  bases.  I'rotamin  has  been 
found  hK.se]v  combined  with  nucleic  acid  (sw  p.  428)  ui  the  siwr- 
matozoii  of  "eertain  ftshes.  In  the  proteid  nmleeule  it  is  firmly 
combined  with  amido-aci<ls  (e.g.  leucin,  glycin,  etc.),  an<l  usually  with 
aromatic  IkkHcs  (e.<f.  tvrosin,  etc.),  and  inorganic  elements,  (e.;,.  sulphur 
and  phosphorus).  The  nature  and  the  amount  of  the  deeomix)sition 
piMHluets  yielded  by  ditlerent  forms  of  proteid  varies,  and  even  in  the 
case  of  pVoUimin  there  is  no  doubt  that  the  nu)lecule  is  of  enormous 
size,  though  the  accurate  detennination  of  this  is  imi)ossible  on 
acc.mut  of'^the  iM'culiar  physical  proi^rties  of  proteids.i 

In  the  animal  b.Kly  the  ultimate  decomposition  prtKlucts  of  proteids 
are  urea,  carlKni  dioxide  gas,  water,  ammonia,  and  sulphuric  acid; 
the  intermediate  ImmUcs.  such  as  hexone  ba.se8.  anii<lo-acids,  aromatic 
biKlies,  etc.,  being  produced  «luring  digestion  in  the  intestine,  in  con- 
nection with  which  they  will  be  more  closely  studied. 


I'llVSICAl,    PUOI'KUTIKS   UK    PkOTKIDS. 

I.  Diffusibility.  Proteids  belong  to  the  class  of  IxMlies  called 
Cdhmh,  which  do  not  diffuse  through  animal  membranes  or  \m(i\\- 
ment  {wper.  In  this  they  are  unlike  Cnixhilloids,  such  as  inorganic 
.salts,  which  readily  diffuse. 

Various  forms  of  dialyser  are  used,  but  the  simplest  consist,  either 

'The  decomposition  prodiuts  also  vary  with  the  nature  of  the  .lecou.posing 
aKcncy  employed,  but  the  subject  is  too  complicated  for  study  here.  Attempts 
at  the  synthesis  of  proteids  have  as  yel  proved  futile. 
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of  a  hell-shiifKMl  j,'las.s  v«'ssol  dosed  lidow  l>y  a  tijihtly  stictchfij  iii.-r.' 
of  iwrchnietit  or  nn-iiiJiraiie  anil  ojm'Ii  aJHivc  (Fig.  l.'V.t),  or  of  a  tultt-  of 
imrchiueiit. 

Exi'KUIMKNT  III.     IMacf  a  niixtiiic  of  diluted  e>,'>,'  white  and  of  a  li» 
jH-T   cent,    solution    of    Xafl    in   a    dialyser    (the    tuJ.ular   dialyser    is 
the  best  to  use),  and  iiiaee  the  latter 
in  a  larj;<^  !)asin  or  Iteaker  tilU'd  with 
distilled   water.     Ik'fore  insertinj;  the 
dialyser,   test  a  8an)j)le   of  the  water 
for    chlorides    with    argeutie    nitrate 
solution,    and    note  that    no    haze    re- 
sults.    Allow   the  dialysis  to  proceed  for  a  day,  then  test  a  siiniple 
of    the    water   awiin.   wlu-n  a  white  jtiecipitate  of   Aj;Cl.^   will   result. 


Fiii.  i:l''.-  Dialyncrs. 


^^ 


^ 


>- 


f 


Fk;.  140.— C'ryBtiilUsed  altiumln.     ^  i'*)». 


The  XaCl,  being  u  crystalloid,  has  diffuse*!  out,  l»ut  no  proteid  has 
passed  out,  as  can  be  ascertained  by  applying  the  proteid  tests  (see 
below). 

11.  OryBtalliaation.— Proteids   usually   e.xist   when   dried   as  amor- 
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phous  n.a«.si-«  or  powders,  hut  some  of  them,  e.,/.  haemoj,'l..lmi,  are 
easily  olrtaii.ahle  is  cryst^ils,  and  of  the  others  many  can  now  be 
made  to  trvstallise.  Thus  egg-all.umin  ean  he  made  to  crystallise  hy 
allowing  a 'solution  of  it,  in  which  the  solvent  just  Iwrely  dissolves  the 
alhumin,  to  st^iud  exjK.sed  to  the  air  (Fig.  14:J).  Slow  evaporation  of 
the  water  takes  place,  in  conse-iuence  of  which  the  alhumin  is  no  longei' 
held  in  solution,  and  is  precipitateil  as  crystals  (see  Advanced  Course). 
III.  Eotation.  -All  proteids  are  laevo-rotiitory. 


CHKMICAL    I'KOI'KKTIKS   .VM»    KE^VCTIOXS. 

I.  Colour  Eeactiona.  These  are  veiy  imin.rtant  as  tests  for  proteids. 
They  are  :— 

(1)  Biuiot  Beaction  (I'iotiowski's  test). 

K.vi'KRiMEXT  IV.  Place  a  trace  of  a  weak  solution  of  CuSO^  in  a 
test  tuhe  (this  is  1)est  «loue  hy  placing  s<mie  of  the  solution  in  the 
test  tuhe  and  then  j)ouring  it'  out.  sutticient  of  it  remaining  adherent 
to  the  glass).  Add  to  this  alwut  Tt  c.c.  of  a  weak  solution  of  <"gg-white, 
and  then,  drop  hy  drop,  a  20  per  cent.  s.)lution  of  KOH  until  a  violet 
coloui'  is  produced. 

P:.\I'EKIMENT  V.  KejM'at  this  experiment  with  a  solution  of  iM^ptone. 
A  rose-pink  colour  is  developed. 

This  violet  m  pink  colour  is  given  hy  all  proteids,  and  it  seems  to 
depi'ud  on  the  presence  of  a  HCXO  group.  It  is  called  the  biuret 
reaction,  Iwcause  1  uret  (the  substance  left  after  heating  urea  crystals 
in  a  <lry  test  tube)  gives  it  (see  "  Ihea').  The  chemical  ecpiation  of 
the  reaction  is  unknown. 

(2)  Xanthoproteic  Beaction. 

K.xi'EKniEXT  VI.  To  about  .")  c.c.  of  a  solution  of  egg-white  add  a 
drop  or  two  of  HNO^  (con.) ;  a  white  precipitate  results.  Warm  this, 
and  the  white  jnecipitate  changes  to  a  yellow  curd.  Cool  under  the 
tap,  and  then  add  a  few  drops  of  strong  ammonia,  when  the  yellow  will 
change  to  a  brilliant  orange. 

{:))  Millon's  Beaction. 

Exi'EKi.MEXT  VII.  Millon's  reagent  consists  of  a  solution  of  mer- 
curo;;s  and  mercuric  nitrates  in  concentrated  nitric  acid.  Add  a  few 
<lrops  )f  it  to  a  solution  of  diluted  egg-white  ;  a  white  coagulnm  results, 
which  on  boiling  changes  into  a  brick-red  curd. 

Ii«)th  these  reactions  (viz.  xanthoproteic  and  Millon's)  seem  to 
depend  on  the  presence  t»f  some  hydruxyl  derivative  of  benzene  in  the 
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proteid  niolectile.'  foiiseiiiu'iitly  pnttainiii,  whicli  i1<m'»  not  cuntaiii  an 
aromatic  nwlicle,  gives  neither  test,  and  gelatine,  in  whiih  th<'re  is  only 
a  trace  of  an  aromatic  IkmJv  gives  only  a  very  feehle  eolonration. 

II.  Precipitants  of  Proteids.  Certain  reagents  have  the  iM)wer  of 
throwing  j)rotei(is  out  of  soliuion  without  in  any  way  changing  their 
chemical  nature,  i.e.  the  precipitated  proteid  is  still  soluKle  in  its 
original  solvents.     These  reagents  are  ;— 

(I)  Neutral  Salts  (if.  neutnil  siilts  of  the  alkalies  uiul  of  certain  of 
the  alkaline  earths). 

(a)  Ammonium  Sulphate. 

E.XI'EKIMESr  VIII.  Half  till  a  test  tnln'  with  diluted  egg-alhuniin, 
anil  add  to  this  crystals  of  aninioniuni  sulphate  till  no  more  will  dis- 
solve (i.r.  until  the  fluid  is  completely  .satumted).  A  precipitate  of 
proteid  is  pnKluced.  Filter.  Test  the  filtrate  l>y  any  of  the  colour 
reactions  described  alH)ve,  when  it  will  Iw  fcmnd  that  no  proteiil  is 
to  he  detected. 

Add  water  to  the  precipitate  on  the  filter  jwpi'r  :  l>y  -so  doing  a  weak 
saline  solution  is  j)roduced  (the  ammonium  sulphate  adherent  to  the 
filter  Iteing  dissolved),  and  in  this  the  precipitate  dissolves,  the  resulting 
solution  giving  the  colour  reactions  .iesi'rihed  al)ove. 

P^XI'EKIMENT  IX.  Repeat  K.xpi'rimt  iit  VIII.  with  a  solution  of 
Witte's  peptone  (a  mixture  of  alhumoses  and  p«'ptone).  In  this  ca.se  the 
filtrate  gives  the  colour  reactions.  To  obtain  the  biuret  reaction  a 
large  excess  of  KOH  is,  however,  necessjiry,  as  the  Am.SO^  present 
in  the  filtrate  at  first  reacts  with  it  forming  K>0^.  The  colour 
pnKluced  by  this  latter  test  is  rose-pink,  showing  that  the  filtrate 
contains  peptone.  Sutimifion  uilh  niiiiiioniinii  suljilmte  jiiei-ipiUttex  nil 
proteids  e.riept  iiepiom.  Scxlium  sulphate  at  'M)'  (.'.  |X)s.sesses  the  sjime 
precipitating  projjerties  as  anuiionium  .sulphate  (see  Advanced  Course). 

(h)  Magnesium  Sulphate. 

Experiment  X.  Saturate  some  egg-white  solution  with  crystals 
of  MgSO^-a  precipitate  (of  glolnilin)  falls  down  filter  the  filtrate 
gives  the  colour  reactions.     The  precipitate,  if  dis.solved    by  adding 

'  The  formula  for  benzene  is 

CH 

CH        CH 

li  I 

CH        CH 

\      ^ 
CH 

and  if  one  of  the  '  H '  atoms  \k  replaced  by  '  OH,'   Phfuol,  a  hyiboxy-beii/.ene, 

results.     The  radicle  ('r.Hj  is  often  called  Phenyl. 
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watfi',  iiLso  givi's  the  ((.lour  icactions.  Majjii.siuin  sulphate  in 
saturated  soliitiim  jHccipitatt's  nrtaiii  jnotoids  (j,'lul>nlins).  It  «loos 
not  |H»Ti|)itatt'  al'Miinins. 

(,)  Scdium  Chloride,  Ammonium  Chloride.     Iht-Hc  silts  in  tluir 
action  on  protcids  rcscnililf  nmj;nt'sinm  sulphate. 

III.  Coagulants  of  Proteids.     A  eoafjuluin  ditl'eis  from  a  precipitate 
in  that  it  is  no  loufjer  soluble  in  its  orifjiiml  solvents.      In  other  woiils, 
its  physical  or  chemical  nature  has  un(ler<,'one  some  chanj{e. 
C'oajiuhi  may  he  pnMluced  l>y  the  foHowin-,'  means: 
(1)  Heat. 

Kxi'KKIMKNT  XI.  Add  to  ahout  ">  c.c.  of  diluted  ej;.n  white  a  drop 
of  dilute  acetic  acid  and  lioil     a  white  coa<;ulnm  is  formed. 

The  acetic  acid  is  a(hled  to  jH-cvent  the  formation  of  alkali  alliumin, 
which  is  nnich  more  easily  formed  than  is  acid  alhumin,  and  which 
is  not  eoajjuhited  l»y  heat. 

Dirterent  proteids  coaj^ulate  at  diH'ercnt  ten  MMntnres  -  jjlohulin  and 
albumin  at  7.")°  ("..  tihrinojicn  at  •")<;"  C.  ai  I  certain  proteids,  viz. 
caseinogen,  do  not  coajiulate  at  all   when  heated. 

(•_>)  Mechanical  Agitation.  -Hy  shaking  a  solution  of  ejij;  alhumin 
with  .si\nd,  strinjis  of  coagulated  jiroteid  like  strings  of  fihrin  are 
<lei)osite(l. 

(:\)  Mineral  Acids  and  Salts.  Any  strong  mineial  acid,  (HCI.  Hn();„ 
vtc),  or  mineral  salt,  (HgCl..,  C'uSCV  etc.).  if  a<lded  to  a  sohition  of 
jnoteid,  will  cause  a  coagulum  to  form.  Certain  other  Ixxlies,  such  as 
tannin  and  picric  acid,  yiehl  a  similar  result. 

(4)  Prolonged  Action  of  Alcohol.  -  The  addition  of  alcohol  to  a  pro- 
teiil  solution  at  first  forms  a  precipitate,  hut  if  this  he  kept  standing 
for  som.-  time  under  the  alcohol  it  changes  into  a  coagulum.  TejUon 
and  fihrin  ferment  (see  hhxMl)  take  longer  to  undergo  this  change  than 
other  proteids,  and  this  pioperty  is  sometimes  taken  advantage  of  to 
.se[)iirate  these  from  other  jirotcids. 

(."))  Fjrments.  Whi  i  1«1o(m1  clots,  the  soluble  proteid  fibrinogen  is 
changed  by  the  action  of  a  ferment  (fibrin  ferment)  into  the  coagulated 
pn)tcid  tiitrin.  A  similar  chaTige  is  produced  in  milk,  the  soluble 
proteid  caseinogen  being  changed  into  an  insoluble  modification  by  the 
action  of  the  ferment  rennin. 
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I'KDTKIUS— ('..NTINIKH. 
Cl.ASSIKM  ATltiN    OK    I'lti  iTKIKS. 

On  jKcoiiiit  of  the  trufitiifiitaiy  nutiiif  nt'  mir  kiinwlfd';.  rcjiiinliiij; 
the  chfiiiiiiil  roiistitiitioii  nf  ]>i<)t»'i<ls.  it  is  at  i»rcsciit  iiiijxiHsiMf  to 
classify  them  with  anythin}{  like  tlif  winn-  jirccisioii  as  is  tin-  .asf  with 
lailMthvdnitcs.  As  noted  aliovc,  K'-scI  lias  su<,'i,'cst('(|  that  all  jirotcids 
contain  as  tht-ir  Wasisof  <oiistrn«tion  (or  nuclt'iis)  thf  substance  pnitaniin 
and  that  to  this  air  attached  ditterent  side  j;roups,  such  as  nion 
ami<li>  aci<ls.  aromatic  ImmUcs,  suljihiir,  etc.,  the  nature  and  the  relative 
amounts  of  these  side  jtroups  dcterminiiifi  the  kind  of  proteid. 

It  has  heen  found,  however,  on  putting;  this  pro|M>sed  classification  to 
the  test,  that  certain  proteids  (c.//.  elastin)  do  not  contain  the  three 
liexone  bases  necessary  for  the  jtroduction  of  protamin.  so  that  it  will 
Ite  necessary  to  adopt  at  jnescnt  the  older  classifi<ation  of  Drechsel, 
addinj;  to  it  a  new  f^roiip  containing;  the  ])rotamincs. 

The  following  classification  is  inmlified  after  Dreclisel  and   Kossel  : 

I.  Protamines  (<'i„H-,-N ,;<),;)  contain  oidy  the  hexone  bases,  and 
exist,  combine<l   with  nucK'ic  acid,  in  the  s|)ermatozoji  of  certain  fishes. 

II.  Albuminoids  contain  hexone  Uiscs  pins  mon-amiilo  acids,  such 
as  !<  ucin  (CgH,;jX<).,),  ilonj;  with  a  variable  amount  of  suljihiu-. 
Certain  of  the  members  of  this  <;roup  also  contain  tiaces  of  aromatic 
radicles,  such  as  tyrosin  (('yH,,N()j).  The  chief  representative  of  this 
group  is  coUmjen,  which,  on  boiling  with  wat<'r,  is  changed  into 
ijehituii'. 

K.XI'KKIMENT  XII.  Take  a  piece  of  gelatine:  dis.solve  it  in  ..  test- 
tube  full  of  warm  water:  divide  the  resulting  solution  into  three 
pjirts,  (',  h,  and  c ;  allow  a  to  cool,  when  the  gel  ;ine  solution  will 
set  into  a  jelly. 

To  h  apply  the  biuret  i-eaction  :  a  violet  colour  is  priKluced. 

To  (•  apply  Millons  test  ;  a  very  faint  red  is  pnKluced  on  l)oiling,  as 
gelatine  only  contains  a  trace  of  an  aromatic  raflicle  on  which  this 
reaction  depends.  Some  ob.seivers  consider  that  the  aromatic  radiile 
is  not  really  Viuilt  tip  in  the  gelatine  molecule,  liut  is  only  attached  to 
it  as  an  impurity. 

The  other  im|)f)rtant  albuminoi<ls  ai-e  b nitiii  (the  chief  constituent 
of  epidermis,  hairs,  nails,  etc.)  and  rlastin  (comjM»sn  g  elastic  ligaments). 
(See  Advanced  Course.) 
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III  True  ProteidB.  Thf«o  lotitaiii  hexmi..  »mw»,  iu.)ii-«nii<l()  iui.U. 
a,..l  unmrntie  ra-UdoH.  They  i-u  u.le  all  the  .•om,u...u.r  ,m>teuU,  «.«l 
niav  Ihj  further  HulKlivi.l.-d  into  four  «u».  group,  viz. ; 

(.)  KatlTe  Prof  id..  The.o  give  all  the  ,.n>tei.l  rea..t.o..«  an.l  are 
cuiKulaUMl  1.V  heat  a.ul  l.y  the  prolongc.l  action  of  alcohol.  There  are 
two  varieties.  aUmn.in.  an<l  globulins,  whieh  .Htier  from  .me  another 

"'i^i'iSl'are  s..luhle  in  .U«tiUe,l  water  an.l  in  «iturate.l  solutions 
„f  all  neutral  salts  exeept  ammoniun,  sulphate  an.l  anhy.lnn.s  s.xhu.n 
sulphate,  in  which  they  are  insoluMe.  They  are.  however,  soluble  u. 
halfsiiturate.1  8.,lutions  of  these  s,ilts.  .„i,„i.,„s 

Olobulinsare  ins.,luhle  in  .listiUed  water  an.l  u,  s^tturate.  solutions 
,.f  all  neutral  «Uts.  They  are.  nioreov  v..a,,le  .„  half-satumte.l 
solutions   of  anin,..niu.n    sulphate    an..  •  *   «<Hhuin    sulphate. 

Thev  are  soluble   in   weak   saline  s..lv... 

Kxi-ERIMKNT  XIII.  -Take  some  hU^U  ^'»-.  This  insists  ..f  a 
weak  «iline  soluti..n  containing  albumin  an.l  globulin.  »''-"  j^/  "'  «' 
thr  .e  ,wrts,  a,  b,  an.l  c.  Allow  a  t..  .Irop  int.,  a  »H..aker  h"''<  ^>  ^h 
.listillea  water;  a  eUnul  forms  roun.l  e.uh  ,lr..p  as  it  mixes  w«h  th. 
water.  This  is  .lue  to  prtH,-ipiUiti.m  of  the  gl.,buhn,  as  there  is 
now  t...  little  saline  to  keep  it  in  soluti..,..     (See  A.lvance.1  t  ourse^ 

Satunite  b  with  crystals  ..f  MgSO,  -a  precipitate  of  glol>ul.n  is  pro- 
,luce<l  Filter.  The  filtrate  gives  all  the  protei.l  reactu.ns  because  it 
,ontains  the  albumin;  the  precipiUite  can  .h,  dissolv.!  by  m.xmg  it 
with  water,  the  weak  s^iline  solution  thus  pHxluee.!  .l.ssoh.ng  the 
globulin,  which  can  be  recognise<l  by  applying  the  protei.l  tests. 

To  <■  add  an  e.iual  bulk  of  a  s.iturate<l  .solution  .)f  Ani,S(V  Ihis 
pnKluces  half  .Uurati.H.  in  the  mixture,  as  a  result  of  whuh  gh  m  ni  .^ 
precipitate.1.  The  precipitate  an.l  filtrate  should  be  examme.l  m  the 
same  wav  as  the  MgSO,  precipitate. 

The  ci.ief  kiiwls  .if  all,umins  are  ow  and  serum-albumm. 

The  chief  kiiuls  of  globulins  .re  ov,.  a.ul  serum-gl..bulin,  myosin- 
ogen  (the  chief  protei.l  ..f  musch )  an.l  fibrinogen  (an  im,x.rtant  proteid 
of  living  bl.Mxl). 

T.Vni.K  KOK  SEI'AKATIOX  ok  Al.IUMISS  AM)  Cli.c»mi.iNs. 


Solrenl. 

a.  Distilletl  water,     - 

b.  Weak  sjiline, 

c   Saturation      with\ 
MgSOi,  NaCl.etcJ 

Half  saturation  witli  I. 
AnijSO^,     Na.jS04,  j 


Alhimin. 
soluble 
soluble 

soluble 


Glolndin. 
insoluble 
soluble 

insoluble 


soluble        insoluble 


Practical  «•  'hod  ofxejxtmtiou. 
dialysis. 

(Saturation  with  crystals  of 
\     either  salt. 

( Half  saturation  by  adding  an 
J  equal  volume  of  saturated 
I      solution  of  either  salt. 
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(A)  AHmmiutM. — Tht'nc  aro  coiii|x>itii(lM  of  native  pn)touiH  with 
miiioral  salts,  acids,  alkalies,  or  the  halogen  eleniciita. 

Kxi'KRIMENT  XIV.  To  a  few  i:v.  of  diluted  ejJK-white  add  &  few 
dn)p8  of  mereuric  chloride  solution  ;  a  white  coajjulum  of  albuminate  of 
nit'rcury  is  fomiwl. 

Kxi'EKlMENT  XV.  T'.  some  diluted  ej;j;-white  add  two  or  three 
drops  of  10  %  HC'I.  Place  this  «)ii  the  water-hath  at  iMxly-teniporature 
for  five  minutes.  Divide  int«»  two  parts  a  and  b.  Hoil  the  jjortion  it  ~- 
no  coaguhim  appears  because  the  native  proteid  has  Iwen  changwl  into 
acid  albumin  or  '  sytitoiiin '  which  iloes  not  coagulate  on  boiling. 

To  the  portion  b  add  sufficient  litmus  solution  to  st<»in  it  re<l.  and 
then,  drop  by  «lrop  a<ld  1  %  solution  of  Xa.,CO,,  till  the  solution  is 
neutral ;  a  precipitate  of  acid  albumin  comes  down.  Add  a  slight 
excess  of  the  alkaline  solution,  and  the  precipiUite  re<lissolves.  Acid 
albumin  is  insoluble  in  neutral  saline  solution,  but  soluble  in  weak 
acids  and  alkalies.      It  is  also  insoluble  in  distilknl  water. 

Alkali  albumin  can  be  produce*!  by  using  weak  caustic  potash 
instead  of  the  acid  in  the  above  experiment.  It  gives  the  same 
reactions  as  acid  albumin,  but  diflers  in  containing  less  sulphur 
and  nitrogen,  for,  as  has  been  explainr  1  on  p.  169,  treatment  with 
alkali  separates  the  loo.sely  combined  portions  of  these  elements  from 
proteid.  Acid  albumin  can,  therefore,  be  changed  into  alkali  albu-nin. 
but  the  reverse  change  of  alkali  into  acid  albumin  is  iniixwsible. 
Both  albuminates  can  be  precipitated  in  weak  acid  or  alkaline  solution 
by  neutral  salts.  They,  therefore,  Iwhave  like  globulins  (see  below)  in 
this  respect,  but  differ  from  them  in  that  they  caiuiot  l»e  coagulated  by 
heat.  If,  however,  the  neutralisation  precipitate '  of  either  albuminate 
be  heated  it  changes  into  a  coagulum  itisoluhle  in  its  original  solvents. 

Acid  albumin,  when  prepared  from  myosin,  is  called  Ssmtonin, 
and  alkali  albumin,  when  prepared  by  the  action  of  strong  caustic 
alkali  or  proteid,  is  called  '  Lieberklihn's  jelly.'  Acid  albumin  is 
the  first  product  of  peptic  digestion  of  proteids,  as  alkali  albimiin  is 
the  first  stage  of  pancreatic  digestion. 

(c)  Proteoses  and  Peptones. —These  are  produce<i  from  native  pro- 
teids by  hydn  >sis,  either  by  means  of  mineral  acids  or  superheated 
steam,  or  through  certain  ferments  such  as  exist  in  the  digestive  juices 
secreted  respectively  by  the  stomach  and  pivncreas.  They  will  be 
studied  under  "  Digestion." 

(d)  Ooaculated  Proteids. — As  explained  above,  coagulation  of  pro- 
teids may  be  pnxluced  by  various  agencies,  of  which  ferment  action 

•  "  Ncntralisation  precipitate  "  means  tlic  precipitate  produced  by  ueulialiBiug 
a  solution  containing  either  albuminate. 

M 
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ig  the  m.mt  imiK.rtant,  the  renulting  .-.^KtiJa  incl.Hling  /.W»  (in  clotted 
W.KKl),  r.,«i«  (in  d..tt,.,l  milk).  m.»/«M.H  (in  '  rig..r  n.orti*  n.n«cle).  These 
iKxlies  will  1)0  studiwl  in  their  proper  plateH. 

IV    OomponBd  ProUldi.     These  are  cinbinutionH  ol  native  proteids 
with  another  organic  m.lmtance.»     This  latter  may  »)e  :  - 
((I)  a  eArl-)hydraU?— glucoproteid«. 
(6)  nticleic  acid— nucleins. 
(r)  an  inm  contaniing  pigment    haemoglobin. 
(,/)  Further  compounds  also   exist    where   two  ilifferent   kinds  of 
proteid  are  comhintKl.  snch  as  rmcleo-proteids  (nuclein  +  native  pn.teid) 
and   hlrtonet   (albumir.  +  pn.Uimin).     To    the    latter    gn.up   l«longs 
globin,  the  proU.i<l  which  .s  separate<l  from  haew.oglobin  by  dei-om- 
posing  it  with  acids  or  alkalies  (bee  p.  193). 

It  will  only  iKJ  possible  to  merely  in.licate  the  chief  properties  o 
these  bodies  here,   a   more  complete  stmly  of  them  being  reserve<l 
for  the  advanced  course. 

(a)  01uco-i»rotei«li.-The  most  impirtant  meml)er  of  this  group  is 

Mucin. 

Fxi'KRlMENT  XVI.  Collect  some  saliva  in  a  test  tube,  add  to  it  a 
dn.p  of  10  p<.r  cent,  acetic  acid  ;  a  stringy  precipitate  of  mucin  results. 
Add  a  few  drop  of  weak  sodium  carlwnate  solution  when  the  pre- 
cipitate will  redissolve. 

EXPERIMENT  XVII.  Mucin  has  been  prepare<l  from  c  .inectivo 
tissue  where  it  is  very  abundant,  by  extracting  the  hitter  with  a 
weak  alkali  (lime  water).  The  mucin  has  been  p,ecipitate<l  Ijy  a 
weak  aci.l.  The  resulting  precipifcite  has  then  been  boiled  for  about 
ten  minutes  with  hydrochloric  acid  (1  part  concentrated  acid +  3  parts 
water)  and  the  resulting  solution  cooled  and  neutralised,  hxamine 
portions    of   the    resulting  solutions.      Divide  the  solution  into  two 

portions,  n  and  b.  .  ,        ,         • 

To  (a)  apply  the  biuret  reaction— a  violet  or  pink  colour  is  pro- 
duced, showing  the  presence  of  the  proteid  moiety. 

To  (b)  ad<i  a  drop  of  copper  sulphate  solution  and,  if  necessjiry,  some 
caustic  alkali  till  a  blue  solution  is  obtaine<l.  Now  boil,  when 
reduction  to  cuprous  oxide  will  .x:cur,  demonstrating  the  presence  of 
the  carbohydrate  moi'ty. 

Besides  'forming  the  ground  substance  <.f  the  connective  tissues, 
mucin  is  also  secreted  on  to  the  surface  of  all  mucous  membranes, 
where  it  acts  as  a  lubricant. 

■In  contrwt  to  albun.iuateB,  which  are  compouncls  of  native  proteid.  with 
inorganic  Hubstances. 
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(/<)  Nnelaiiis,  ate.  Niiel«ic  add  ii«  u  coihimmiiuI  of  alloxuric  lHMli«>« 
(hy(Mixaiithin  l'.,H^N\(),,  xaiithiii  C.II^X^O,  pmniii,  uiid  iiili'iiin)  which 
iin-  h&Mv  ill  imtiin*  (wf  I'liiM')  with  phuHphoric  and.  It  iIim-h  not  fjivi* 
th«>  pn>t(>i(l  rfactioiiM,  tint  Hclilmn  cxiMtx  free,  )M-iii^  iiMiially  niiiti'd  with 
alhiiniiii  to  form  nnclsin.  Thix  niicloin,  again,  is  itlnioxt  invarialdy 
coinbintMl  with  another  niolcculc  of  altmniin,  tht'  ri'Multing  roni|M)iiii<l 
>H-in^  nacleo-albamia.  Xiulfin  ix  iN-st  pn-iMirtMl  l>y  (iip>Mting  niu Ifo 
alliiunin  with  jjastric  jiiicf,  wh«>r»'hy  tho  alhimiin  chaiigoM  into  |N>ptonf; 
the  peptone  g<M>H  into  xolution,  nnil  the  niieh'in,  Hince  it  ix  inHoluhle,  ih 
thrown  flown  as  a  lirown  pnt-ipitate.  If  the  caMcinogen  of  milk  Iw 
simihtrly  treate<l.  a  sefliment  in  al«o  pnMiiicetl,  an<l  |H'ptone  goex  into 
Holution.  Thin  M*<linient  in  not,  hi»wever,  true  niulein,  ninee  on 
further  «hTomptsition,  it  only  yiehU  phoKphorir  arid  ar  I  pftcid,  hut 
no  alloxuric  InidieH.     It  is  henc"  tailed  IWuilo  iin'-f'tn 

KXFKKIMKNT    XVIII.     Tak>»'   a   cellular   or>pi      ('.'/■    tl"     i"""  k'     '' 
or   pancreas),  mince  it   and  then   niai<  ratt>  i'     >ver-nij{ht    witli  i 

made  faintly  alkaline  l>y   the  addition  of  a  drop  or  tw..  of  ^•..       le 
alkali  solution,  or  of  ammonia.      Strain  the  extract    thn«u^h     m\i*I«i. 
Aild    litmus    solution    to    it    till    it     hecimies    distinctly    llut       ^^ 
then,  drop    l>y    drop,    add    weak    acetic    acid.       When    the    i 
is  faintly  acid  a  copious  precipiUitc  of  iuicleo-pn)tcid   results, 
does  not  completely  dissolve  l»y  adding  exeetw  of  acid  (distin^ui 
if  fnmi  alkali  alhumin).      Filter  of!'  tht-   nucleo-proteid.      A<1<1   w 
alkali  to  the  precipitate,  and  it  re-dissolves. 

Demoastmlion.     The  precipitate  of  nucleo-proteid  has  In'en  digest. 
with   pepsin  hydrochloric   acid  for   twenty-four  hours ;    the  aihuiiiui 
has  Ja'cn  eonvciied  into  jK'ptone,  and  the  lilK'rate<l  nuclein  has  fallen 
down  as  a  l)ri>WM  stnliment. 
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Xiifteo-Alliumin 
(digestvtl  with  pepain) 


Xtirkin  (precipitated  as  a  brown  sediment) 
(decompoHeil  by  acid  alcohol) 


Ptploiie 
(goes  into  solution) 


Acid  Albumin  (in  solution) 


A'i(r/n'c  Arid  (a  white  precipitate) 
(heated  in  a  closed  IuIh;  with   Hfl) 
I 


I 


A/loxurie  Ixxlint  sometimes  Carliohyilrale  Phoitphorir  Acid 

This    nuek'tti    can    he    further   decomposed    itilo    nucleic   acid   and 

albumin  by  dissolving  it  in  alkali  and  then  adding  0*.'i%  hydrcKhloric 
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acid  ill  ulcohol,  wh.Teby  th»<  nucUir  ticid  it  pm-ipiut.-a.  If  thi»  be 
coll«ct«l  aii<l  hi'ttttMl  ill  a  clomMi  tulio  with  hyiln^hlorit- aciil.  it  >|  tU 
up  int..  alloxiirie  »HMli,.M  aiul  phosphoric  m id.  There  are  vuiioiw  fon.i. 
..f  micleie  acid,  and  wmie  of  thene.  e.g.  \\\r  iimleic  acid  obtainable  fmiii 
pancrea*,  omtrtiii  a  curU.hydrate  in  their  moleciiie. 
0.  HMBOflobin.     (See  bl(NMl.) 


I^  1 


CHAITKK  V. 

FATS.  FATTY  ACIDS.  LECITHIN  AND  IHOLESTERIN. 

These  iMxlies  are  cla«»ifiod  together  l»ecau»c  they  are  all  w)luble  in 
ether.  After  extracting  any  chopped-up  organ  or  tissue  with  ether, 
and  evaporating  off  the  ether,  a  more  or  less  syrupy  mass  is  lefft 
Iwhind  consisting  of  a  varying  mixture  of  these  substances.  (See 
Advance<l  Course,  p.  432.) 

Patty  Acidi.  -These  aiv  the  end-products  of  the  o.vidation  of  primary 
moiiatomic  alcohols,'  aldehydes  being  formed  as  an  interme»liate  stage. 

Thus  :— 

CHjCH,OH  +  O  =  CH3CHO  +  H.,< ). 
Ethylic  acid  =  Acetic  aldehyde. 

and  then  CH,CHO  +  O  =  CH,COOH. 

Acetic  acid. 

The  '  -  COOH  '  group  is  calletl  Carbaxyl  and  the  -  OH  of  it  is  replaceable 

by  a  metal  to  form  a  salt. 

CHsCOOH  +  NaOH  =  w»jv 

Sodium  acetate. 
If  we  take  the  moiuuomic  alcohol  containing  sixteen  carlwn  atoms  and 
oxidise  it,  we  obtain  Palmitic  acid  (C.jHaiCOOH),  and  if  we  take 
the  eighteenth  member  we  obtain  Stearic  acid  (C,.H3.,COOH).  Both 
these  fatty  acids  exist  in  the  animal  tissues,  but  they  are  not  present  in 
such  large  amount  as  a  third  one  called  Oleic  acid.  This  differs  from 
the  other  two  in  being  derived  from  an  unsaturatetl  alcohol  (i.e.  an 
alcohol  belonging  to  the  olefine  series  and  in  which  two  of  the 
neighbouring  C.  atoms  are  bound  together  by  two  valencies). 
The  lowest  member  of  this  group  of  alcohols  is  allyl  alcohol 
(JH  =CH-CH,OH.      Moderate  oxidation  of  this  produces  its  alde- 

«A  inonatomie  alcohol  is  one  containing  one  -OH  or  hydroxyl  group.*.?. 
CjHjOH  (ethylic  alcohol) ;  if  it  contain  three  hydroxyl  groups,  it  is  called  tri- 
atomic,  t.g.  CjHj  (OH,)  glycerine,  and  so  on. 


.CH,COONa  +  HjO. 


tl 
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hy<l«'  a(n»l»'in.  t'Hj"it'H  -('HO,  hikI  thin  ajpiin  can  Ik*  further  oxitiiiuHl 
to  fonn  acrylic  ac-iij,  C'Hj^l'H  -  C'(K)I1.  The  "ightcfiith  aliohol  of 
thin  tterieN  vipMh  on  oxuiatioti  oleic  aci<l,  which  hnM  thcnforc  the 
forniiilH  ('  ^H^aC'OOH.  Now  nil  iMMlicM  in  which  Home  of  the  C 
iitoniH  HI  iKititul  together  hy  two  valencit>ii  arc  lumtJihle  un<l  temi  to 
change  into  )NMii<>t«  in  which  the  C.  atom*  are  ImhukI  together  liy  only 
one  liand.  To  do  thin,  they  nitiiit  have  another  element  to  Mitixfv  the 
extra  valency  so  that  they  will  act  an  rwlucing  Ixxlie  It  in  on  thii« 
account  that  oleic  iici<l  Itliu'kciiH  oMmic  acid  (tetroxide  of  oHmiuni)  by 
appntprinting  nonie  of  itM  oxygen,  and  reducing  it  to  a  lower  o.-id« 
which  ix  lilack.     ThiH  reaction  Im  given  hy  all  fatx  conUtining  tJeir  lu-'ul. 

Not  o  ••  are  the  lower  fatty  lU'idit,  Huch  an  ace  c,  capable  of  form- 
ing Halt  :h  mctalH,  bi't  mo  are  the  higher  niemlM>rM,  Huch  a8  (Milmitic, 
;  tearic,  I     .  oleic.     The  compound  in  thin  case  in  called  a  S*itip. 

T!i.w:— 

(',,.H„C(K>H  +  NaOH  =  C„H.„C()ONa  +  H,(). 

Falinitic  acid.  8u(liiun  palinitAte 

(a  aoap). 

If,  instead  of  using  an  inorganic  salt,  we  une  an  alcohol  to  combine 
with  the  carboxyl  group,  a  bo<ly  called  an  ester  is  formtnl,  and  if,  for 
this  purpose,  we  use  the  trititomic  alcohol  (i.f  containing  three 
hydroxyl  groups)  glycerine,  we  obtain  a  nantral  fat. 


CHj-OH 


cl.- 


OH 


CHj  -  OH 

(Jlyetrine. 


rHOOCC,,,H 


31 


HOOCC^Hg, 
^HOOCC„H„; 

Patmilic  acid. 


rCH,-OOCC„H.„ 
'cH 


OOCC„H„ 
O0CC„H,, 

Palmitin  :  a  neutral  fat. 


[cH,  - 


By  boiling  the  neutral  fat  with  caustic  alkali  it  is  split  up  into 
its  constituents,  the  glycerine  being  set  free  and  the  fatty  acid  uniting 
with  the  alkali  to  fonr  a  soap. 

This  process  of  saponification  is  usually  carried  out  by  using  an 
alcoholic  solution  of  caustic  potash. 


Experiment  I.  Saponiilcation  of  neutral  fkt.— Place  about  5U  c.c. 
of  alcoholic  potash  in  a  small  flask,  and  heat  on  a  water  bath  to  near 
'  iling  point.  Melt  some  fat  (alwut  10  grammes)  in  an  evaporating  dish 
ai.d  drop  the  melted  fat  intr)  the  heated  alcoholic  potash,  shaking  the 
latter  every  now  and  then.  After  all  the  fat  has  been  added,  continue 
heating  until  the  spirit  begins  to  boil,  and  then  test  to  see  if  saponifica- 
tion be  complete.  This  is  done  by  dropping  some  of  the  solution  in  the 
flask  into  a  test  tube  containing  about  10  c.c.  of  distilled  water,  when, 
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if  sjiiMiiiititatioii  l'«'  ((iiniiU'ti'.  ii  «l<'ar  «<> 


liitioii  of  soiip  will  Ih<  (ilitjiiii«-il 


IlIU 


1  no  j;lol)ul.>s  of  oil  will  s.'|).iiiit.«  out  on  tht'  suifuc."  of  th.'  li<|ni«l. 


KxiKKiMKNT  II.    Separation  of  fatty  acid  firom  soap. 

40  (•.!•.  of  '20      sulplnuif  iui< 
)H)iling  |»i>int  ;  drop  into  thi« 


IMiuf  uttout 
1  in  a  small  lu-akfr,  ami  hfal  it  to  near 
tht'  iontt'iits  of  tho  Hask.  (which  should 
havo  W.'mi  pivviouslv  allowod  to  ..Mil)  stilling  with  a  glass  nnl  l..aw.-.'n 
oach  mlditi.in.  Tho  ;i.id  displa.rs  tho  alkali  from  its  conil.ination 
with  th.>  fatty  aiid.  ami  thf  latti-r  s(«i)arat.«s  out  as  an  oily  lay.T  on  th<' 
surfaii'  of  thf  water. 

Kxi'KKiMKM  MI.  Reactions  of  fatty  acids.  (1)  Ktim>v.-  srm.-  of 
th."  fatty  ai-id  with  a  ilcan  gla.ss  i.mI,  an<l  plac-  it  on  a  i.i.'.v  of  -//<uv./ 
(onlinary)  \v\\h'V.  and  a  gn-asy  stain  will  n-suit. 

(•_')  Allow  tht>  fontonts  of  the  hi-akfr  t«>  i«ol.  wIk-u  thf  fatty  acid 
will  solidify  into  a  skin,  which  can  he  fasily  rcmovfd  with  a  |mmi  knife 
and  transffiifil  to  .listillfd  water  in  a  test  tulu-.  Shake  up  thf  fatty 
acid  in  the  water  so  as  to  wash  it  free  of  sulphuric  acid,  |)oiu-  the  con 
tents  int.)  a  flat  .li.sh.  again  remove  th."  fatty  aci.l  to  mor.'  .listill.'d 
water,  an.l  re|H«at  until  the  wash-water  no  lonuer  reacts  acid.  Now 
divi.h'  the  fatty  aci.l  iiit.»  tw..  in.rti.His,  .r  and  l>.  i'lacf  (/  in  a  .Iry  test 
tulH«,  an.l  diss..lve  in  ether.  The  ri'sulting  s..hiti..n  r.«acts  acid  to 
phen.)lphthalfine.  an  in.licat..r  which  r.Nuts  r.'d  with  alkali,  and  is 
hleached  l»y  aci.l.  »)fiug  .>s|).'cially  sfnsitiv."  to  fatty  aci.ls.  To  apply 
this  test,  two  .)r  three  .lr.)V»s  of  the  phen.)lphthaleine  are  .In.piKMl  into  a 
tfst  tuhe  .'.mtaining  a  very  dilute  solution  .)f  alkali  (on.'  drop  of  -^0% 
KHO  in  5  c.c.  water),  the  resulting  re.l  solution  being  then  .li-.ipi)e.l 
int..  the  s.»luti..n  .>f  fatty  acid,  when  the  re.l  c.)l.>ur  at  ..n.e  .UsapjH'ars. 

A.ld  to  b  s.>me  half  sjiturated  s..luti.)n  .>f  s.Klium  carlM.nate,  an.l 
warm  :  the  fatty  aci.l  diss.jlves,  carlx.nic  aci.l  gas  is  liherate.!  and  a 
wilution  of  s.)jip  .)htaiiuHl. 

Bi'sides  these  reactions  of  the  fatty  aci.l  i)r.Kluce.l  fr.mi  it,  neutral 
fat  gi\es  an  imp.>rtant  reacti.)n,  ihiHudiiuj  on  thr  ijliirerine  which  it 
c.mtains. 

Kxi'EKiMKNT  IV.  Place  a  small  piece  .)f  fat  in  a  thor.)Ughly  dried 
te.st  tube,  ad.l  to  it  a  crystal  of  acid  {wtassium  sulphate,  an.l  heat.  A 
pungent  vap.)ur  of  acrolein '  is  given  ofl",  which  blackens  a  piece  of 
filter-i>aper  which  has  been  .lipiwd  in  aninu)niacal  silver  nitrate  solu- 
tion, thus  demoi\strating  that  the  va|)our  acts  as  a  powerful  re.lucing 

agent. 

Bmulsiflcation.— When  oil  is  mixed  with  water  it  fl..ats  to  the 
surface,  but  when  a  s.wp  is  present  in  soluti.Jii  in  the  water  the  oil 

'  Acrolein  is  the  aldehyde  of  allyl  alcohol  and  has  the  fonnula  CH.j  =  C;H  -  CHO. 
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^IoImiIch  ri'iimi-  .  |m'IhIi'<I,  iiikI  iiii  I'liiulMioii  rc«nltM.  'I'Ium  i«  iiion- 
|MTniaiH>rit  if  hoiius  miH|M'iulinj<  nii-<iiiim  mich  uh  niiicilufji'  Iw  luMcfl. 

Kxi'KKIMKN".'  V.  Ill  one  ti'st  tiilM-  (d)  ])\iifA'  WHIH!  Moap  MoliitioM  ,  in 
iiiKithcr  (h)  Honir  waU'V.  Tn  each  add  hoiiic  iH-iitnil  olive  oil  aii<l 
Hhaki'.      Allow  to  Htaiiil,  and  note  that  a  iviiiaiim  <'iiiulHififd,  /<  i\<»-n  not. 

Kxi'KKlMKNT  VI.  riace  nonn'  laniid  oil  (i.e.  coiitainiiif;  free  fatty 
wid)  in  a  tent  tiilii!  mid  Home  weak  KOH  wiliition  and  Hhake  ;  an 
einulsion  fonim,  Hoap  Inting  fornieil  Ity  the  alkali  eoiiiliiniiif;  with  the 
fatty  acid. 

Kxi'KKlMKNT  VII.  Divide  tin?  emnlnion  priMliiced  in  Kx|HTiiiienl 
VI.  into  two;  to  one  of  thene  add  a  little  iniicilane  or  eg^  alltiiinin 
and  Hhake,  and  note  that  the  eniiilHioii  '  stands '  inmh  lonj^er  than  that 
to  which  no  mis|MUidinf;  niedinni  Iuik  been  added. 

Lecithin.  Thi»  Itcxly  is  found  chiefly  in  ni;rvoun  matter,  in  the 
Htroma  of  rwl  hhxHl  corpiiN<;leH,  and  in  hiU;.  ('hemi<tally  it  coiiHi«ts 
of  a  molectiile  of  fjlyceriiu!,  two  of  the  hydioxyl  groujw  of  which  arc 
comhineil  with  fatty  m-id,  ami  the  third  with  phowphoricf  aci<l,  whi<h 
on  the  other  hand  ha.s  atUched  to  it  a  nitrogen  containing  IkkIv 
called  rholiii. 


Thus  :— 


CH.j-()()(*C,;ir,,j 
'  !-Ste»ric  acid. 


vn  -(xxx'.-Hrl 

en. -o-i'^c)    //''^"a/i 

<;lyccrine:  Nf)  -  N  -  CH,^  -  ('1I./)H. 

Hhosphoriu         (,'holiii. 
acid. 

This  choliii  is  a  jjoisonous  alkaloid,  and  is  ))rokeii  off  fn)m  le«-ithin 
during  digestion,  hut  i.s  at  once  (lestroyed  hy  the  intestinal  Jtacteria, 
the  substances  thus  pnxlueed  hteiug  methane,  earlH)nic  acid,  and 
ammonia. 

Lecithin  has  all  the  solubilities  of  fat,  but  is  identified  by  its  ash 
eontJiining  phosphorus,  and  bj'  the  presence  <jf  cholin  (see  Advance<I 
Course,  p.  434).  Since  it  contains  glycerine  it  will  give  the  acrolein 
reaction. 

Cholesterin. — This  is  found  in  most  tissues,  }>ut  especially  in  the 
bile  and  re<l  l)l(Mxl-corpu8cles.  It  is  chemically  of  the  nature  of  a 
moiiatomic  alcohol  containing  twenty-si.x  carfxin  atoms.  FIxcept  that 
it  is  soluble  in  the  same  wilvents  as  are  fats  it  does  not  give  any  of 
the  above  reactions.  It  has,  however,  certain  characteristic  reaction."* 
of  its  own,  and  these  are  as  follows  : — 

Experiment  VIII.     .Some   cholesterin  crystals  are  given   round — 
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place  them  on  ii  microscopic  slide  and  break  them  up  with  a  glass  rod, 
and  examine  under  the  microscope,  or,  better,  dissolve  some  in  absolute 
alcohol,  place  a  drop  of  this  on  a  slide,  and  allow  it  to  evaporate. 
The  crystals  are  colourless,  glancing  rhombic  plates  having  usually  a 
square  piece  removed  from  one  corner  (Fig.  141). 


Fin.  Ul.-CryaUla  of  cholesterin  magnified  300  diameter*. 


Experiment  IX.  Place  a  drop  of  20  per  cent,  sulphuric  acid  on 
the  crystals  and  notice  that  the  edges  gradually  become  red. 

Experiment  X.  To  another  specimen  add  some  iodine  solution 
and  then  a  drop  of  concentrated  sulphuric  acid— a  play  of  red,  blue, 
and  green  colours  result*. 

Although  cholesterin  is  not  a  fat,  it  is  studied  with  this  group 
because  it  possesses  the  same  solubilities,  and  is,  therefore,  sometimes 
present  in  ethereal  extracts. 
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CHAPTEK    VI. 


MILK. 

Milk  consists  of  a  watery  solution  of  various  protcids,  a  carbohvflrato 
and  sjilts,  containing  in  susiiension  emulsified  fat. 

The  percentage  composition  varies  somewhat  in  different  animals. 
The  more  quickly  the  young  animal  grows  the  higher  is  the  percenUige 
of  proteid  and  salts  in  the  mother's  milk.  Thus  a  ptippy  doubles  its 
weight  in  eight  days,  and  bitches'  milk  conUiins  71  pt!r  cent,  proteid 
and  1-3  per  cent.  ash.  On  the  other  hand,  a  chihl  takes  one  hundred 
and  eighty  days  to  double  its  weight,  and  human  milk  contains  only 
1-6  per  cent,  proteid  and  0-J  per  cent.  ash.  It  forms  a  perfect  food 
for  the  young  growing  animal,  but  as  time  goes  on  it  requires  to  lie 
supplemented  by  other  food  stuffs  in  order  that  the  tissues  may  be 
pn)perly  developed. 

From  a  medical  point  of  view  the  two  kinds  of  greatest  importance 
are  cow's  milk  and  human  milk.  These  differ  from  one  another  only  in 
their  quantitative  composition: 

Proteid.  Fat.  Carbohydrate.        Salts. 

Cow's  milk,     -         -     3")  3-7  49  1 

Human  milk,  -        -     1"  3-4  6-J  --'3 

(Bunge). 

The  amount  of  fat  and  carbohydrate  is  nearly  the  same  in  l»oth,  there 
being,  however,  twice  as  much  proteid  and  nearly  three  times  as  much 
salts  in  cow's  as  in  human  milk.  To  bring  cow's  milk  to  the  same  com- 
position as  human  milk  it  is  therefore  necessary  to  dilute  the  former  with 
an  equal  bulk  of  water,  at  the  same  time  adding  some  fat  and  carbohydrate. 

In  order  to  study  the  chemistry  of  milk,  we  usually  employ  cow's 
milk  because  it  is  easily  obtainable. 

Oow's  Milk. — This  is  an  opalescent  solution,  possessing  a  character- 
istic taste,  and  of  amphoteric  reaction. 

Experiment  I.  Place  a  drop  of  fresh  milk  on  a  piece  of  red  litmus 
paper,  and  wash  it  off  with  distilletl  water ;  a  blue  stain  is  left :  if  the 
drop  be  placed  on  blue  litmus,  a  red  stain  is  left.  This  peculiar  reaction 
is  due  to  the  fact  that  milk  contains  a  mixture  of  acid  and  alkaline 
salts.     By   ascertaining   how   much   <lecinormal    acid    or   alkali'    are 

'A  normal  aci  is  one  in  which  the  amount  of  acid  in  WKX)  c.c.  correspomls 
to  its  molecular  weight.  A  normal  solution  of  HCl  u  I  therefore  contain 
1  +35*5=36-5  gr.  HCl  in  1000  c.c.  wat«r.  A  decinormal  (  .''  )  solution  would  con- 
tain 3'65  gr.  HCL     A  normal  alkaline  solution  is  prepared  in  a  similar  way. 
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required  to  pnxluce  neutralisation  with  the  aid  of  different  indicators 
the  amounts  of  each  of  these  kinds  of  salt  can  Vhj  determined.  (See 
Titration  Methwls,  p.  -'45.)  ,  ^,4  = 

The  ^perijic  gravitii  of  fresh  milk  varies  iMJtween  102S  and  lO.Ha. 
The  more  fat  (i.e.  cream)  the  milk  contains  the  lower  is  the  specific 

gravity. 

Experiment  II.  Estimate  by  a  hydnmeter  (p.  240)  the  specific 
gravity  («)  i»  skimmed  milk  and  (6)  in  fresh  milk.  In  the  former  it 
is  about  1  034.5,  in  the  latter  102«.  By  adding  water  to  (a)  the 
specific  gravity  obviously  falls,  and  by  removing  the  cream  frou.  (h)  it 
rises.  In  dairy  hygiene,  a  rough  estimate  of  the  richness  of  milk  in 
cream  is  obtained'  by  .iscertaining  its  specific  gravity,  but  it  is  clear 
from  the  above  experiment  that  st)me  of  the  cream  can  l)e  removed 
ami  the  eonsenuent  rise  in  specific  gravity  masked  by  the  addition  of 
water.  This  fraudulent  trick  of  dair3mien  must,  therefore,  be  borne 
in  mitid  before  giving  an  opinion  of  the  quality  of  the  milk. 

Fresh  milk  does  not  coagulate  on  Iwiliug,  but  a  skin  forms  on  its 
surface.  A  similar  skin  is  produced  when  any  emulsion  containing 
proteid  is  l)oiled,  and  in  the  case  of  milk  it  is  composed  chiefly  of 
caseii.ogen  entangling  some  fat  globules.^  Its  formation  is  due  to 
drying  of  the  proteid  at  the  surface  of  the  milk. 

The  Chemical  Constitients  of  Milk. 

I.  Proteids.— The  chief  proteid  of  milk  is  a  pseudo-nuclein  called 
Caseinogen.  This  can  be  precipitated  by  adding  to  the  diluted  milk 
a  weak  acid,  or  by  saturating  it  with  a  neutral  salt. 

Experiment  III.  Place  about  five  cubic  centimetres  of  skimmed 
milk  in  a  test  tube,  and  dilute  with  an  equal  bulk  of  water.  To  this 
diluted  milk  add,  drop  by  drop,  a  weak  solution  of  acetic  acid  ; 
a  precipitate  of  caseinogen,  entangling  fat,  falls  down.  Filter  off 
this  precipiute  and  wash  it  with  water.  Now  add  to  it  a  weak 
solution  of  Na.,C03;  the  precipitate  dissolves,  and  an  opilescent 
solution  of  caseinogen,  still  however  containing  some  fat,  passes  through 
the  filter.  By  repeated  reprecipitation  and  filtration  comparatively 
pure  caseinogen  can  be  obtained,  from  which  the  last  traces  of  fat  can 
l)e  removed  by  treating  with  ether. 

The  chief  property  of  caseinogen  is  its  power  to  clot  when  treated 
with  reimin  (a  ferment  contained  in  gastric  juice)  in  the  presence  of 
soluble  calcium  salts. 

>  An  emulsion  of  cotl-liver  oil  in  diluted  blowl-serum  is  given  round  ;  warm  it  to 
ttlmul  50^  C,  and  a  skin  will  form  on  the  surface.  Be  careful  not  to  heat  above 
JH*"  C,  a»  then  coagulation  of  the  proteids  will  be  prmluced. 
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Exi'EKIMKNT  IV.  Take  i:  pure  Holution  of  laseinugt'ii.  Divide  it 
into  two  portions  a  and  b.  To  tnith  ad<l  alM>ut  ten  drops  of  rennin 
ferment.  To  h  add  also  a  few  dn)|)H  of  u  ")  {kt  tent,  solution  i»f 
cAleium  chloride.  Place  both  in  the  water  Imth  at  40°  ('.;  uft^T  alnMU 
five  miiuites  examine  to  see  if  clotting  has  occurre<l.  It  will  Ik-  foun<l 
that  clotting  has  occurretl  in  b  where  )M»th  renniei  and  soluble  Ca  S4»lts 
were  present. 

EXPKKI.MENT  V.  Repeat  the  experiment  with  two  samples  of  fresh 
milk  a  and  b.  To  b  add,  in.stead  of  CaClj,  some  potivssium  oxalate 
solution.  In  this  case  (mly  a  will  clot.  The  pota.ssiiun  oxalate  has 
robbed  the  portion  6  of  its  soluble  calcium  salts,  }>ut  it  dots  when 
treated  with  rc^nin,  anfl  in  the  presence  of  soluble  calcium  salts. 

From  these  experiments  we  see,  therefore,  that  the  clt)tting  of  milk 
depends  on  the  transfommtion  of  a  soluble  proteid,  mmnwjm,  into  an 
insoluble  derivative,  casein,  by  means  cf  a  ferment,  rennin  \  and,  further, 
that  the  presence  of  soluble  calcium  sdlts  is  necessary  for  this  process. 

L  is  probable  that  there  are  two  stages  in  this  transformation  :  the 
renni"  first  splits  the  caseinogen  into  two  Inxiies,  the  more  important 
being  soluble  casein,  which  then  combines  with  Ca  salts  to  form 
caseinate  of  calcium  or  casein,  while  the  other  jwsses  into  solution  in 
the  whey  as  whey -proteid  (see  A(b  "(1  C<mrse,  p.  43(5). 
Caseinogen 


Whey-proteid  Soluble  casein  +  soluble  Ca  salts 

(goes  into  solution).  =  caseinate  of  calcium  or  casein. 

The  casein  thus  produced  entangler,  the  emulsified  fat  globules  of  the 
milk,  and  forms  the  curd  of  milk.  This  curd  shrinks  after  a  few  hours, 
and  an  opalescent  fluid  is  s(jueezed  out  of  it  called  whey.  The  whey 
contains,  besides  whey-proteid,  traces  of  other  proteids  and  also  the 
carbohydrate  (lacttise)  arid  salts  of  milk. 

EXPEKIMENT  VI.  Apply  the  xanthoproteic  reaction  to  .some  whey  : 
a  positive  result  is  obtained.  Acidify  some  of  the  whey  with  acetic 
acid  and  b«jil ;  the  proteid  is  coagulated.  The  proteids  are  calle<l 
lacto-albumin  and  lacto-globulin. 

n.  The  Carbohydrate  is  Lactose. 

Exi'EKlMENT  VII.  Boil  some  whey  which  has  been  weakly  acidified 
with  acetic  acid.  Filter  oft"  the  coagulated  proteids.  To  the  filtrate 
f.ppiv  Trommer's  or  Fehling's  test ;  reduction  is  effected. 

Lactose  does  not,  like  dextrose,  readily  ferment  with  yeast,  but  it  is 
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capable  of  uiHlergoing  a  special  fermentation,  which  changes  it  into 
lactic  acid.  This  is  calle»l  the  lactic  acid  femieiitation.  It  depends  on 
the  presence  of  a  microbe,  the  Bacterium  lactis.  It  occurs  in  two 
stages  as  follows : — 

C,jH,,0„  +  HP  =  4CH.,  -  CHOH  -  COOH. 
Lactose.  Lactic  acid. 

Some  of  the  lactic  acid  is  then  further  split  up  into  butyric  acid. 

•JCH,  -  CHOH  -  COOH  =  CH^  -  CH,  -  CH,  -  COOH  +  2C0,  +  2H,. 

Butyric  acid. 

The  lesence  of  these  free  acid.s  in  the  milk  leads  to  the  precipitatim  of 
caseinogen,  and  this  explains  the  pnxluction  of  the  curd  in  sour  milk. 
It  is  quite  a  <lifferent  thing  from  the  curd  which  is  pnKluced  by 
rennin.  Thus  it  can  be  dissolved  by  means  of  a  weak  alkali,  and  ii 
rennin  be  added  to  the  resulting  solution  true  clotting  will  follow. 

Experiment  VIII.  Take  some  sour  whey.  Add  a  few  drops  of 
it  to  ITffelmann's  reagent,'  when  the  dark  purple  colour  of  the  latter 
will  be  changed  to  yellow.     Test  for  lactic  acid  (see  p.  207). 

III.  The  salts  of  milk  are  chiefly  phosphates  and  chlorides  of  the 
alkalies  and  alkaline  earths.  A  trace— 000035  per  cent.— of  iron 
is  also  present. 

ExPEKiMENT  IX.  The  Detection  of  P.fiy — Add  to  five  cubic  centi- 
metres of  proteid-free  whey  half  its  bulk  of  nitric  aei«l  and  aliout  twice 
its  bulk  of  a  solution  of  molybdate  of  ammonia  in  nitric  acid.  Warm 
gently  on  the  water  hath,  and  a  yellow  precipitate  of  phosphate  forms. 

Experiment  X.  The  Detection  of  Calcum  Salts.— To  some 
whey,  freed  from  proteid  by  boiling,  add  a  few  drops  of  a  solution  of 
potassium  oxalate — a  white  haze  of  calcium  oxalate  results. 

rv.  The  Pats  of  Milk. — Examine  a  thin  film  of  milk  xinder  the 
microscope,  and  note  that  the  fat  consists  of  small  spherical  Ixxlies, 
which  are  transparent  and  do  not  adhere  to  one  another. 

The  fat  can  be  removed  by  shaking  the  milk  with  ether  after  the 
addition  to  it  of  a  few  drops  of  weak  NaOH  solution. 

Experiment  XI.  To  about  five  cubic  centimetres  of  milk  in  a 
t«st  tube  add  two  drops  of  caustic  potash  (20  per  cent.),  and  then  about 
five  cubic  centimetres  of  ether.  Cover  the  top  of  the  tube  with  the 
thumb  and  shake  the  mixture,  occasionally  lifting  the  thumb 
slightly  to  allow  the  vapour  of  ether  to  escape.  The  ether  will 
dissolve  the  fat,  and  the  milk  will  become  much  less  opaque.  By 
adding  alkali,  a  certain  amount  of  the  caseinogen  is  changed  in  its 
physical     condition,    so    that    the    caseinogen    molecules,    which    lie 

'Thin  reagent  is  made  by  adding  a  trace  of  ferric  chloride  to  a  I  per  cent, 
sohition  of  carbolic  acid. 
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between  and  thereby  hold  upart  the  fat  glolxileM,  are  diminJHhed,  and 
conHequently  the  fut  globules  are  dissolve*!  by  ether.  S<»  long  as  they 
are  surroundeil  by  caseinogen  iti'>leoules  they  are  not  aet«Mi  on  by 
ether.     Not  only  alkalies,  but  also  aeids  can  eft'ect  this  change. 

When  the  milk  stands  for  some  time,  the  fats,  being  sj)ecitically 
lighter,  rise  to  the  surface  to  form  the  nrain,  and  if  this  be 
mechanically  agitated  it  solidities  to  form  biilter.  Analysis  of  an 
ethereal  extract  of  milk  shows  that  the  fats  are  olein  40  jhm"  cent., 
palmitin  33  per  cent.,  stearin  16  per  cent.,  and  aliout  7  \h'y  cent,  of 
lower  fatty  acids  such  as  butyrin.  There  are  minute  traces  of  lecithin 
and  cholesterin. 

Qoloatnun. — The  milk  which  first  apj)ears  during  lactation  is  yellowei' 
in  colour  and  of  higher  specific  gravity  than  that  secretwl  later.  On 
boiling,  it  yields  a  distinct  coagulum  of  albumin  and  globulin,  and  if 
examined  tnider  the  microscope  it  will  1h;  found  to  contain  numen)us 
cells — colustrum  corpuscles — in  the  jirotoplasm  of  which  fat  globules  are 
present.  These  cells  are,  in  reality,  secretory  cells  of  the  mammary 
glands  which  have  >>een  extrude<l  in  the  first  portions  of  ntilk. 


CHAPTER  VII. 


BLOOD. 

By  means  of  the  blood  the  food-stuffs,  absorbed  from  the  intestine,  and 
the  oxygen,  absorbed  from  the  lungs,  arc  carried  into  the  tissues,  where 
a  complex  chemical  process  takes  place,  resulting  in  the  production  of 
tissue-energy,  which  may  be  in  the  shape  of  nuiscular  movement,  heat, 
glandular  activity,  etc.  In  this  chemical  process  the  complex  food- 
stuffs are  probably  first  of  all  decom|)08ed,  the  resulting  substances 
being  then  partially  oxidised,  so  that  the  ultimate  effete  products 
pass  into  the  venous  blood,  partly  in  a  fully  oxidised  state  (CO.,  and 
H-^O),  partly  unoxidised  (lactic  acid,  precursors  of  urea). 

Structurally,  blood  consists  of  minute  solid  discs  called  cwpuscli's, 
suspended  in  a  clear  fluid  called  the  plasma. 

When  the  blood  leaves  the  bloodvessels  it  is  a  red  opaque  fluid 
of  peculiar  odour  and  alkaline  in  reaction.  It  soon  undergoes  a  change 
however,  in  that  it  solidifies,  or  clots.  If  this  clot  be  left  standing  some 
time  a  clear  straw-coloured  fluid — the  serum — begins  to  separate  out, 
which  gradually  increases  in  amount,  so  that,  after  some  time,  the 
clot  floats  free  as  a  compact  dark  red  solid  mass. 

Before  proceeding  with  the  chemistry  of  the  blood  we  must,  accord- 
ingly, study  the  phenomenon  of  clotting ;  and  in  order  to  do  this  the 


190 


PRACTICAL  PHYSIC )LO(JY 


process  must  be  retonletl,  so  that  we  may  have  time  to  observe  the 
different  stages.  Moreover,  it  is  inconvenient  to  study  the  process  in 
blood  as  it  contains  solid  elements  in  suspension,  so  that  we 
usually  separate  the  plasma  for  this  purpose,  and,  in  order  to  do  this, 
we  must  rotanl  clotting. 

Since  the  blood  does  not  clot  so  long  as  it  is  contained  in  the 
lu'ulthy  blood-vessels,  we  may  prevent  the  process  by  excising  a  l)lood- 
vessel  (such  as  the  jugular  vein  of  the  horse),  after  ligaturing  it  in  two 
places,  80  as  to  retain  the  blood  in  it.  The  excised  piece  of  vein  is 
popularly  called  a  "  lirintj  tesl-tuhe,"  and.  since  the  walls  do  not  die  for 
a  considerable  period,  the  blood  remains  fluid.  If  the  teMube  be  hung 
up,  the  solid  elements  of  the  blood  (the  corpuscles)  sink  to  the  bottom, 
and  the  flui<l  portion  (the  plasma)  can  be  separated  from  them  by 
means  of  a  pipette.  This  is  a  very  interesting  method,  but  one  which 
is,  of  course,  impracticable  for  obtaining  large  quantities  of  plasma.  For 
this  purpose  certain  neutral  salt.*  (magnesium  sulphate,  sodium  sulphate, 
80«lium  citrate,  etc.)  are  mixed  with  the  blood  to  prevent  it  clotting. 
The  corpuscles  and  plasma  are  then  separated  by  allowing  the  blood  to 
stand,  when  the  corpuscles  sink  to  the  bottom  of  the  vessel,  or  this 
separation  may  be  hastenetl  by  placing  the  salted  blood  in  a  centrifuge. 
The  supernatant  plasma— called  Mlted  plasim— is  then  removed  by  a 
pipette  or  syphoned  off.  There  are  many  other  methods  for  preventing 
clotting,  but  the  description  of  these  we  will  leave  till  after  the  process 
itself  has  been  sttidied. 

E.XPERIMENT  I.     Fresh  blood  has  been  mixed  with  an  equal  volume 
of  saturated  sodium  sulphate  solution,  or  with  <   ie-(|uarter  its  volume 
of  saturated  magnesium  sulphate  solution.  *    The  corpuscles  have  settled 
to  the  bottom  of  the  vessel,  and  the  straw-coloured  or  reddish  plasma 
is  pipetted  off.     Divide  this  into  three  portions,  and  label  them  a,  b,  c. 
To  each  add  ten  times  its  volume  of  water,  so  as  to  remove  the  action 
of  the  salt  by  dilution.     Place  a  in  water-bath  at  37*  C.     To  ft  add  a 
piece  of  blood-clot  or  a  few  drops  of  serum.     To  c  add  a  few  drops 
of  a  1  per  cent,   solution   of  potassium  oxalate.      Observe  that  first 
h,  then  a,  pass  into  a  jelly-like  state— clotting— but  that .;  remains  fluid. 
From  this  we  learn  that  plasma  itself  can  clot,  but  that  the  process 
is  accelerated   by  adding  blood  which   has  already  clotted,  and  is 
hindered  by  adding  a  soluble  oxalate.     The  clotted  blood  must,  there- 
fore, contain  an  excess  of  some  element  necessary  for  clotting,  and  since 
the  previous  heating  of  it  to  about  60°  C.  rob.s  it  of  the  power  of 
assisting  clotting  we  assume  that  it  contains  some  ferment— flbrin 
'  In  order  to  do  this  the  artery  or  vein  is  allowed  to  bleed  into  a  vewel  con- 
taining one  of  these  Bolutionr 
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ferment  (see  ferments,  p.  •_M4,  ami  for  |ire|Niratioii  sec  p.  47(>).  On 
the  other  hand,  the  addition  of  a  sohible  oxalate  must  have 
removed  from  the  pluHma  some  necessary  agency,  namely,  soluble 
ealeinm  ealte.  It  does  this  by  forming  calcium  oxalate,  which  is  in 
Aoluble.  We  can  prove  that  this  explanation  is  the  correct  one  by  the 
following  experiments : — 

Experiment  II.  To  the  test-tube  c  in  the  alM)ve  exp«'riment  add 
about  5  drops  of  a  2  per  cent,  solution  of  calcium  chloride  ;  then  replate 
in  water-bath.  Clotting  now  occurs,  since  soluble  calcium  salts  are 
present  in  excess. 

Experiment  III.  Clotting  has  been  prevcntwl  in  bIcMvl  by  mixing 
it  with  one-cjunrter  its  volume  of  a  1  per  cent  solution  of  (wtassium 
oxalate  in  normal  saline.  Add  to  a  few  c.c.  of  this  oxalate  bloo«l  in  a 
test-tube  a  few  drops  of  a  2  per  cent,  solution  of  CaCI.„  ar.«l  place  in 
water-bath.     Clotting  occtirs. 

We  see,  then,  that  the  plasma  must  contain  some  proteid  in  solution 
which  is  rendered  insoluble  by  the  action  of  a  ferment  acting  in  the 
presence  of  soluble  calcium  salts.  This  soluble  protei«l  can  be  precipi- 
tated from  the  plasma  by  half  saturating  with  stxliimi  chloride,  and  it 
is  called  Fibrinogen  (for  preparation  see  p.  47fi). 

Since  no  fibrin  ferment  can  be  prefMired  from  absolutely  fresh  blood, 
it  must  exi.st  there  as  a  pret  ursoi-,  and  since  the  greatest  yield  of  it  is 
obtained  from  that  iwrtion  ««f  the  clot  containing  most  leucocytes,' 
it  must  be  in  these  that  this  precursor  exists.  The  exact  chemical  nature 
of  this  substance  is  unknown,  but  there  is  much  evidence  to  show  that 
it  is  of  the  nature  of  nucleo-pi-oteid.  Fibrin  ferment  is  sometimes 
calle<1  thrombin,  and  the  precursor  pro-thrombin,  and  it  is  8uj)po8ed  that, 
when  the  latter  changes  into  the  former,  calcium  salts  are  added  to  it. 

To  sum  up,  therefore,  the  process  of  dotting  lieijins  lnj  the  lenax-iftes 
dmntegratiiiq  and  liberating  prothrombin,  tvhich  immtdi^itehj  cmtbin^s  uith 
sduble  cakium  stilts  to  form  thrombin.  Thin  thromhin  then  (jc^  onjibrinogen 
and  ^plitf  it  into  two  iMnlie.i,  the  one,  unimportant,  remains  in  xolution 
(Hanimarsten's  secondary  globulin),  and  tlie  otlur  sididijie.uuid/inmsfilnin.'- 
This  fibrin  is  thrown  down  as  fine  threads  which  cross  one  another  in 
all  directions,  forming  a  meshwork  in  which  the  corpuscles  become 
entangled  when  the  process  occurs  in  unseparated  blocxl.  If  fresh 
blood  be  whippeil  with  a  bunch  of  twigs,  the  strings  of  fibrin  collect 
on  these,  and  the  fibrin  can  thus  be  removed  from    the  serum  and 

'  I.e.  from  the  Intfi/  coat,  wliich  is  the  paler  upper  portion  of  the  clot  of  bloods, 
8iich  an  horses'  bloo<l,  which  clnt  slowly. 

*  It  has  been  supposed  that  the  tlifonibin  transfers  its  calcium  salts  to  this 
fraction  of  the  fibrinogen  molecule,  and  that  fibrin  is  really //«-i;i«/f  of  iiitrium. 
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corpuKlea  Such  hlood  i»  called  d^jibrinaUd  or  uhippe,l  blood,  and  wnnot 
be  m«le  to  clot  by  any  mean.  what««ver.  becauM  it  ha.  already  clotted 
in  the  proces.  of  whipping.  Besides  containing  fibrinogen,  the  pla-nm 
alw  contains  itlhmin  and  globulin,  which  remain  unchanged  during 
clotting  and  pass  into  the  serum  (sec  proteids). 
The  following  schema  exemplifies  the  process  :— 

LlTlnf  Uood. 


I 
PlaBma. 

I 


Albumin.        Globulin. 


I 
C».  MilU+Pro-thrombln. 


Fibrinogen  +  Fibrin  ferment.' 
3n(l  globnlin. 


I 
Fibrin. 


I 


Serum. 


Clot 


Dead  blood. 
Oonditions  which  retard  Olottiiig.-(l)  CoW-receive  the  blood  intoa 
vessel  placed  in  ice  {i.e.  keep  it  at  a  temperature  a  httle  above  freezing 

^(2)  Contact  with  hlood-ves<iel  wall-"  Living  test  tube."  ^^ 

(3)  Addition  o{  certain  neutral  salts— "  Salted  plasma. 

(4)  Addition  ofa/KWMia/e-"  Oxalate  plasma."  ^       ,  .      .. 

5  Addition  of  leech  exlracl-This  is  a  secretion  produced  by  the 
salivary  glands  of  the  leech,  and  which  can  be  obtained  by  extracting 

the  heads  with  water.  , 

(6)  CmUad  with  «i.-Receive  the  blood  into  a  smooth  vessel  smeared 
with  oil.    The  oil  forms  a  layer  on  the  surface. 

(7)  Intra-vitam  methods.-The^  consist  in  injecting  certain  substances 
inU,  the  blood-vessels  of  the  animal  before  bleeding  it.  They  see^  to 
act  by  depriving  the  blood  of  some  of  the  factors  necessary  for  clotting, 
but  their  exact  action  is  not  understood.     These  substances  are  :- 

(a)  Commercial  peptone,  which  consists  mainly  of  proteoses. 

(B)  Soap  solution.  . ,    .  .       j     i     i 

/y)  A  weak  alkaline  solution  of  nucleo-proteid  injected  slowly- 

«'  negative  phase  "  of  nucleo-proteid  injection. 

>  The  excess  of  fibrin  ferment  passes  into  the  serum. 
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OonditioM  which  huton  Olottinf.— (i)  liixlv  hinitrintiiir. 

(2)  The  iiililititm  of  norm  ilitttfd  lilixnf  (clot  or  »enjm). 

(3)  .lifitntioii,  e.ij.,  whipping  the  hicxKl  with  u  Imtich  of  twi)(a. 

(4)  Contact  with  a  ruuijh  iturfmt. 

(5)  Intra-ntam  methoih.  Certuiii  c<»i«Utioii8  caUHe  the  IiIimmI  to  clot 
within  the  blood-vessels.     These  are  :    - 

(u)  Injury  or  death  of  the  lilotNl-vesiiel  wall,  f.ij.,  when  an  artery  Ih 
tiiished,  as  in  a  ontuseil  or  lut-urate<l  wound,  a  clot  forms  which  acts  ax 
a  natural  plug  to  pt'^vont  haemorrhage.  When  the  arterial  wjdl  under 
goes  degeneration,  a  clot,  or  (hiomhiu  may  form. 

(/i)  liapid  injection  into  a  vein  of  a  strong  alkaline  solution  of  nuclco 
proteid     "pmitive  phttnf  "  of  nuclooproteid  injection. 

The  CuEMtsTRY  of  thk  LicrrocYTh-s. 

These  are  morphologically  the  same  as  other  cells,  and  they  contain 
the  same  chemical  substances.  The  protoplmm  consists  maiid}*  of  water. 
The  solids  consist  of  various  proteids,  which  chieHy  Inslong  to  the 
group  of  co'npound  proteids  (gluco-protei«U  and  nucleo-proteids),  and 
there  is  also  a  small  amount  of  albumin  and  globulin.  The  protoplasm 
may  also  contain  such  substances  as  glycogen,  fat,  mucin,  etc.,  which 
have  cither  been  produce<l  by  the  activity  of  the  protoplasm,  or  which 
are  simply  deposited  in  the  cell  for  storage  purposes. 

The  nucleus  seems  to  consist  mainly  of  nucleo-pmteids,  nuclein  and 
nucleic  acid.  The  nucleo-proteid  of  the  nucleus  is  said  to  contain  a 
higher  percentage  of  phosphorus  than  does  that  of  the  protoplasm. 

The  Hakmocvte-s  or  Ked  Blood  Corpus*  lks. 

Structurally  these  are  said  to  consist  of  a  stroma  containing  in  its 
meshes  a  peculiar  proteid  called  HMmoglobin.  It  is,  however,  impossible 
to  demonstrate  this  stroma  iiistologically,  and  the  whole  question  of  the 
structure  of  haemoc^'tes  seems  shrouded  in  mystery. 

ChemicalUj  they  contain  about  60  per  cent,  of  water  and  nearly  36 
per  cent,  of  haem'"'e;lobin,  the  remaining  4  jicr  cent. — representtnl  by 
the  so-called  stro.i  Ui — consisting  of  lecithin,  cholesterin  and  nucleo- 
proteid. 

Haemoglobin. — This  is  a  compound  proteid  containing  0*4  per  cent, 
of  iron.  When  decomposed  by  acids  or  alkalies  it  splits  »ip  into  a 
proteid  of  the  nature  of  a  histon  (see  p.  178)  called  globin  and  into  a  pig- 
ment called  haematin,  which  contains  all  the  iron.  A  pure  solution  of 
haemoglobin  can  be  obtained  by  centrifugalising  defibrinated  blood,' 

'  Horses'  blood  should  be  used  for  this  purpose  as  the  corpuscles  sink  more 
quickly  than  the  corpuscles  of  any  other  blood  do. 

N 


104  IMJAJTUAL  I'HYHloliimY 

removinx  the  m>rum  with  u  |»ij»ette,  •hakiii|t  up  the  con«iiH;le«  with  a 
OU  |K?r  cent,  wxlium  chloride  .olution'  (which  is  ncirly  im^oiw  for  the 
bloo»l  of  the  ox,  hoMC,  or  man),  and  again  centrifugaliwng. 

By  thii  meanH  the  eorpuwle*  are  thoroughly  washed  free  of  «er»ni, 
etc.'  They  are  then  ioll.-cle«l  and  treate<l  with  two  or  three  time^  their 
bulk  of  diBtillwl  water,  in  which  the  haemoglobin  diwolvcH,  a  deep  reil 
solution  rcHulting. 


Flo.  H-.'.— Huomoxlobhi  cryitaln.     x  800. 

The  3olutioii  gives  several  of  the  ordinary  proteid  reactions,  but  in 
each  case  a  splitting  into  proteid  and  haematin  simultaneously  ensues. 

ExPERiMKN-r  IV.  Heat  carefviliy  some  haemoglobin  solution.  It 
decomposes  at  about  60°  C,  and  tl  j  proteid  coagulates  on  further 
heating. 

I  \  wit  solution  of  this  strength  has  the  same  osmotic  pressure  as  the  contents 
of  the  re,l  l.locl  corpuscle,  an.l  conse^iuently  no  swelling  or  crenation  of  the 
*'orpu8cle  is  proiluced. 
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It  exiMt*  in  two  i-oiulitioiiH,  vi/.,  as  hitomogl  >'  ihI  hn  nxy- 
hucnioglobiri,  anil  thew  (liHor  from  one  nnothvrin  th'  •  iaeni)i|{lohiM 

contiiins  l<MMely  i-oniliiiuii  uxyjten,  whereas  hit^  .r.  only  contninM 

the  timily  combined  oxygon  of  the  proteiil  me  t-uii*.  rnlikc  other 
|irotci<iii  hui-nioghtbin  i-iin  enoily  he  ohtaine<i  m*  cryitalM. 

Kxi'KKlMKNT  V.  Mix  u  drop  of  rati  hlo<><l  with  a  drop  of  dlNtillcil 
wateroniiHlide:  place  a  cover  slip  over  it:  as  eva|ionitioii  ilnwly  procet'dH 


Flo.  llH.-HiKniin. 


IJOO. 


the  haemoglobin,  which  has  been  dissolved  out  of  the  corpuscles  by  the 
water,  will  crystallise  out.  These  crystals  will  of  course  be  first  seen  at 
the  edge  of  the  preparation.  The  crystaU  may  be  jwrmanently 
mounted  by  allowing  complete  ciystallisation  to  take  place,  th»'n 
removing  the  cover  slip  and  mounting  in  Canada  Balsam.  The  crystals 
are  oraiige  red  in  colour,  and  usually  assume  the  form  of  rhombic 
prisms  (see  Fig.  142). 

Of  the  compounds  of  haemoglobin  the  most  important  from  a  medico- 
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legal  iK)int  of  view  is  Haemin.  Cheniically  it  is  hydrochloride  of 
haenmtin,  and  is  obtained  by  decomposing  haenioglol)in  by  means  of 
an  acid  in  the  presence  of  free  hydrochloric  acid.  It  is  important 
because  it  forms  very  characteristic  crystals,  and  can  be  obtained 
with  no  great  ditticuity  even  from  blood  stains  several  months  old. 
It  is,  therefore,  a  usefiU  medico  legal  test  for  blood. 

Experiment  VI.  Smear  a  small  drop  of  blood  on  a  slide  and  allow 
to  dry.  Place  a  cover  slip  over  it,  and  then  run  some  glacial  acetic 
acid  underneath  the  cover  slip.  Wann  till  small  bubbles  begin  to 
appear,  cool,  examine  for  haemin  crystals.  These  are  small  dark-brown 
elongated  rhombi(  crystals,  usually  collected  into  star-shaped  or  rosette- 
like groups  (see  Fig.  14:$).  In  this  preparation  the  sodium  chloride  of 
the  blood  reacts  with  the  acetic  acid  and  hydrochloric  acid  is  liberated, 
which  then  combines  with  the  haematin  simidtaneously  produced  from 
the  decomposition  of  haemoglobin.  If  it  be  desired  to  do  the  test  with 
an  old  blood  stain  it  is  necessary  to  supply  a  crystal  of  sodium 
chloride. 

Kxi'ERiMKNT  VII.  A  piece  of  rag  which  has  some  time  previously 
been  soaked  in  blood  is  given  round.  Prepare  haemin  crystals  from  it 
by  placing  a  piece  of  it  the  size  of  a  split  pea  on  a  slide,  adding  two  or 
three  drops  of  glacial  acetic  acid  and  one  crystal  of  common  salt, 
covering  with  a  cover  slip,  and  then  warming  till  bubbles  of  gas  arise. 
On  cooling,  crystals  of  haemin  will  be  seen. 

The  other  compounds  and  derivatives  of  haemoglobin  will  be 
considered  in  connection  with  the  sjjectroscope  since  it  is  by  means  of 
their  spectra  that  they  are  identified. 


CHAPTER  VIII. 

THK  SPKCTROfSCOPIC  EXAMINATION  OF  HAEMOGLOBIN  AND 
ITS  DERIVATIVE.S. 

A  si'ECTiioscoPE  consists  essentially  of  a  screen,  in  which  there  is 
a  small  slit,  through  which  light  from  any  desired  source  can  pass, 
a  prism,  and  a  series  of  lenses  forming  the  telescope,  through  which 
the  observer  looks. 

For  qualitative  work  the  small  direct  vision  spectroscope  (Fig.  144  A> 
is  serviceable.  When  the  position  of  the  bands,  however,  is  required, 
one  of  the  larger  compound  forms  is  necessary. 

Adjustment  of  the  Spectroscope.— It  is  necessary  to  have  an  exact 
focus  of  the  image    f  "he  slit.     In  the  small  direct  vision  spectroscope  this 
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may  be  obtaiiu-d  hy  ilirectinj;  the  instrument  towards  a  white  cloud, 
iind  moving  the  eye-piece  till  the  various  Fraunhofer  lines  are  clearly 
defined,  or,  in  absence  of  daylight,  obtaining  a  clear  image  of  the  upper 
and  lower  edges  of  the  slit,  i.e.  of  the  upper  and  lower  edges  of 
the  spectrum.  The  slit  should  not  be  too  widely  open.  If  the  source 
of  light  include  a  sodium  tlame,  a  clear  image  of  the  Dline  will  Iw 
obtained  when  the  slit  is  in  focus. 


Fl<:.  144  X. 


Fill.  14)11. 


Fii;.  144.— Siwctroycopen.     .\,  Siiiall  direct  viKion  siiectio^eoiie. 
li,  Cniiipotind  Kpectro8c'<i|x'. 

Ill  thf  hrtjer  formx  of  spcrfrosivjii',  three  tubes  are  generally  founil  radiat- 
ing from  the  central  prism  or  jtrisms '  (Fig.  1441)).  One  of  these  has  its  end 
blocked  by  a  screen,  in  which  there  is  a  slit  where  width  can  be  varied 
by  a  small  screw.  Attached  near  to  the  slit  there  is  generally  a  small 
prism,  which  can  be  moved  so  as  to  cover  half  the  slit,  and  aftbrds  the 
means  of  introducing  a  second  source  of  light  into  the  instrument.  The 
tube,  at  the  end  of  which  is  the  slit,  i.-*  called  the  ivUiimitor  tube,  and 
contains  a  lens  so  that  the  image  of  the  slit  can  be  brought  to  bear 
on  one  face  of  the  prism.  The  distance  of  the  slit  from  the  lens 
is  variable,  and  should  be  adjusted  so  that  the  rays  issue  from  tube  into 
the  prism  as  parallel  ray.s.     After  refraction  thro\igh  the  prism  they  are 

'  For   MtmlyinK    al.soiption    speotra,    the    two-jnisiii    f.inii    with    its    gmittT 
clispet'siuii  of  the  M|)ectruiii  is  lt»a  well  adupleii. 
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collected  by  a  second  tube,  the  telescope,  and  the  eye-piece  of  this 
should  be  arranged  to  receive  parallel  rays  fiom  the  surface  of  the 
prism.  The  eye-piece  is  frequently  fitted  wi»  i  cross  wires,  if  so,  the 
eye-piece  should  be  tirst  adjusted  so  that  they  are  seen  distinctly. 

It  will  be  found  that  the  telescope  has  some  lateral  movement 
80  that  the  vertical  cross  wire  can  he  made  to  coimide  with  any 
required  part  of  the  spectrum. 

The  third  tube  will  contain  a  small  scale  which  can  be  fucussed  on  to 
the  surface  of  the  prism  and  will  then  become  reflected  along  the  axis 
of  the  telescope.  It  will  be  necessary  first  to  adjust  the  movable 
end  of  the  scale-tube  so  that  the  scale  is  in  focus,  and  it  may  be 
necessary  to  move  it  laterally  so  that  the  scale  i.s  brought  into  the  field 
of  the  telescope. 

The  scale  must  remain  in  a  fixed  position  during  any  series  of 
observations. 

Construction  of  a  chart  for  determining  wave-lengths  of  iHinils  on  the  spectrum. 

With  the  t-cale  in  fixed  iH>sition,  notice  the  position  on  the  scale  of  tlie  sodium 
line,  and  the  lines  oliservalilc  when  the  sodium  flame  is  replaced  by  one  coloured 
with  a  salt  of  strontium,  calcium,  litliium,  l>arium,  caesium,  and  ])ota8sium.  Take 
ohservatiims  of  the  positions  of  alraut  twelve  of  these  lines,  the  wave-lengths 
of  w  liich  are  known.  <»>tain  the  values  corresponding  to  these  wave-lengths,  and 
on  a  piece  of  paper,  ruled  in  wjuares,  plot  out  their  position,  regarding  the 
abscissae  as  degrees  of  the  scale  and  the  ordinates  as  'vave-lengths.  Draw  a  curve 
thitmgh  the  several  |x>ints.  The  wave-length  of  ;iny  part  of  the  si>ectrum  can 
now  be  ascertained.  Observe  whei'e  such  a  part  intersects  the  scale,  follow  the 
ordinate  corresponding  to  the  degree  of  the  scale  to  the  point  of  intcrsiction  with 
the  curve,  and  a  line  parallel  to  the  abscissae  line  will  indicate  the  wave-length. 

Having  arranged  the  spectroscope  so  that  the  scale  is  illuminated  and 
visible  through  the  eye-piece,  and  the  slit  is  illuminated  by  a  light 
(an  argand  or  incandescent  burner)  placed  about  one  foot  otl";  notice 
the  position  of  the  D-line  on  tiie  scale.  If  sodium  chloride  be  sprinkled 
into  the  illuminating  flame,  the  1)  line  will  be  manifest,  but  a  better 
method  is  to  arrange  between  the  illuminating  flame  and  the  slit  a 
Hunsen  flame  in  which  h  ()estoH  .soaked  with  a  stronj:  solution  of 
sodium  ciiioride  is  placed. 

A  piece  of  glass  tidiing  about  two  feet  long  may  be  taken,  whicli  has  the  lower 
six  inches  bent  back  to  form  an  angle  of  (JO  with  the  main  stem.  This  is  tilled 
with  (i  p.c.  solution  of  sodium  chloride.  The  short  arm  is  then  plugged  with 
asbestos.  \t  the  end  of  the  loni;  arm  is  a  short  piece  of  rubbei  tubing 
clamped  f.iirly  tightly.  This  tube  i>  held  l>y  a  burette  clamp,  and  the  projecting 
asbestos  can  be  .illowed  to  just  touch  the  Kunsen  flame.  In  this  manner  a 
constant  I)-linc  is  furnished. 

1.  The  visible  Spectnim  of  O^jr haemoglobin.  Take  sorae  defibrin- 
ated   blood   which   has  been   thoroughly  shaken  with  air,  and  dilute 


-AlMurptioii-upci'tra. 

1  I  )xvliiWiM"Klol.l«  (vt  rv  we.ik  Bolutimi) ;  •-',  Oxyli.icnK  Klnbin  (wiak  w.l.ilinti) ;  :i,  Oxy- 
h.iem..i("l..l.iii  (»tr..iiK  solution);  4,  Haeu.oglot.iii  (rcluctd  liiiciii(.nl<.l.ii.):  •>.  '.f ,'''";. 
nonoxido  l.auini>Kl"bli. ;  ><,  A.ld  lmfin«tin ;  7,  Afi.l  Iwematln (ethereal extract) :  >,  Alki.lu.e 
hiieiimtlii;  '.',  IliienimlirnmoKon  (reilutcl  l.Mniutiii):  10,  HnfiiintoiMirphyrtii  (acid  «i.lii 
tUin);  11,  H«eniatoi«.rph.vriii  Oklkaliue  nolutluu). 
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it  with  abuut  ten  times  its  volume  of  water.  Place  8ome  uf  this  beliiml 
the  slit  of  the  spectroscope,  preferably  in  a  flat-sided  vessel  about  1  cm. 
thick,  but  a  test-tube  will  answer  fairly  well.  It  will  be  noticed  that 
the  whole  of  spectriiiu  is  blo'-ked  out  except  a  [wrtioii  of  the  red  end. 

Dilute  this  solution  carefu.ij.  At  a  certain  stage  some  of  the  green 
will  be  evident  (see  Spectrum  3  in  Chart),  there  being  a  wide  absorption 
band  between  the  red  and  green.  On  diluting  still  further,  this  wide 
absorption  band  will  resolve  itself  into  two  bands  (Spectrum  '2).  These 
two  bands  are  both  on  the  blue  side  of  the  D-line,  and  their  centres 
correspond  to  A  57!)  and  A.  St^S.  Note  carefully  tiic  position  of  these 
centres  on  the  scale  and  the  wid'Ji  of  the  bands.  Observe  also  the 
limits  of  the  visible  spectrum  at  the  red  and  blue  ends. 

On  diluting  still  further  it  may  be  possible  to  cause  the  band  on  the 
blue  side  to  disappear,  whilst  the  band  on  red  side  is  still  just 
appreciable  (Spectrum  1 ). 

2.  The  visible  Spectnim  of  Haemoglobin  (reduced  Haemoglobin). — 
If  some  diluted  defibrinated  blood  be  left  standing  undisturbed  for  24 
iiours,  the  oxyhaemoglobiu  will  lose  its  oxygen.  This  result  may  be 
arrived  at  more  rapidly  by  treating  some  diluted  defibrinated  blood 
which  shows  fairly  wide  oxyhaemoglobiu  bands  with  a  reducing 
reagent,  such  as  ammonium  sulphide  or  Stokes'  reducing  fluid.'  If 
ammonium  sulphide  be  used,  the  mixture  should  be  warmed.  It  will 
now  be  noticed  that  the  blood  loses  its  bright  scarlet  appearance  and 
becomes  more  purple  in  tint.  Examine  this  by  the  spectroscope, 
and  it  will  be  found  that  the  two  bands  of  oxy haemoglobin  have 
disappeared,  and  are  replaced  by  one  band,  the  centre  of  which  is 
between  the  two  bands  of  oxjhaemoglobin.  The  band  is  a  broad  one, 
shading  off  more  gradually  on  the  red  side,  and  the  darkest  part  corre- 
sponds in  wave-length  to  A  .5.")()  (Spectrum  4  in  C" 

3.  The  visible  Spectnim  of  Carbon-Monozidt  loglobin. — If  i 
stream  of  carbon  monoxide,  or  even  of  coal-gas,  be  |  ...  3d  through  son;, 
diluted  defibrinated  blood,  the  scarlet  tint  is  changed  to  a  carmine 
or  cherry  colour.  The  oxygen  is  replaced  by  carbon  monoxide. 
Examined  spectroscopically  the  blood  shows  two  bands  differing  from 
those  of  oxyhaemoglobiu  in  being  slightly  shifted  towards  the  blue 
end.  The  two  bands  havi-  centres  corresponding  in  wave-length  to 
A  575  and  A  540  approximately  (Spectrum  5). 

The  proportion  of  red  and  blue  unabsorbed  at  the  ends  of  the  spectrum 
is  ditferent  in  oxyhiemoglobin  and  CO-haemoglobin,  there  being  more 


■f  fen 


Lilplmte  mo  dissolvfd  witli  3  irin".  taitiiric  acid  in  1(10  cc.  of 


wiiter.     .'Xiiiiiioiiia  is  luldeil  till  the  solution  i.s  alkiiliiic.     Stnkus'  Huid  must  be 
fri'slily  prepared. 
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blue  unabsorbed  in  C'O-haemoglobin  than  in  t'uri  former.  Hence,  coni- 
))aring  dilute  solutions  of  similar  strength  in  test  tulMis  of  the  same 
diameter,  the  CO  haemoglobin  has  a  distinct  bluish  tinge,  contrasting 
markedly  with  the  yellowish-red  of  the  oxyhaemoglobin.  Tliis  dif 
ference  of  end-absorption  can  be  best  shown  as  follows  :  Take  a  fairly 
dilute  solution  of  oxyhaemoglobin  8h«)wing  the  .wo  characti-ristic  bands 
clearly,  but  not  strong  enough  to  produce  any  intermediate  shading. 
Note  as  carefully  as  possible  where  the  red  and  blue  are  first  visible. 
Pass  a  stream  of  coal  gas  or  cari)on  mono.vide  through  the  -solution  by 
means  of  a  tine  nozzle  for  two  or  three  minuies.  Note  the  change  on 
colour  produced,  and  again  examine  the  siiectruni.  It  will  now  be 
foimd  that  rather  more  of  the  blue  is  visible,  whilst  the  red  is  \in- 
altered  or  slightly  moie  absorbed. 

An  important  difference  between  oxyhaemoglobin  and  CO- 
haemoglobin  is  seen  in  the  ettect  of  reducing  reagents.  If  CO 
haemoglobin  be  treated  with  Stokes'  Huid  or  ammonium  sulphide, 
it  is  unchanged. 

4.  The  visible  Spectrum  of  Methaemoglobin.  — To  a  solution  of  oxy- 
haemoglobin, in  which  the  two  bands  are  .so  wide  as  to  partially 
overlap,  adtl  a  few  drops  of  a  strong  solution  of  potassium  ferricyanide. 
The  colour  changes  to  a  chocolate  tint.  If  this  be  spectroscopically 
examined,  a  distinct  baml  is  seen  on  the  red  side  of  the  Dline,  the 
wavelength  of  its  centre  being  about  AT).'?.')  (Spectrum  12).  On 
diluting  the  solution  down,  other  bands  may  be  seen — one  just  on 
the  blue  side  of  the  Dline  (A'l^I),  another  still  further  towards 
the  blue  (Ar)4<i),  aud  a  fourth  may  be  made  out  on  the  bluish-green 
(A 500)  (Spectra  1.'.  and  14).  The  two  middle  bands  are  probably 
not  due  to  any  traces  of  oxyhaemoglobin,  but  are  char:icteristic  of 
methaemoglobin. 

If  such  a  solution  of  methaemoglobin  be  treate.i  with  ammonium 
sulphide,  a  transient  spectrum  of  oxybaemogiobin  may  be  seen,  .-suc- 
ceeded by  a  permanent  spectrum  of  reduced  haemoglobin. 

If  the  solution  of  methaemoglobin  be  rendered  alkaline  with 
ammonia,  the  colour  changes  to  a  more  distinct  red,  and  the  absorption 
band  in  the  red  disappears  and  is  replaced  by  a  band  immeiliately  on 
the  red  side  of  the  Dline  (Spectrum  15  in  ('hart). 

Hy  the  action  of  nitric  oxide  on  oxyhaemoglobin,  i  product  is 
formed  calle<l  nitric  oxide  haemoglobin.  This  is  characterised  by  two 
bands,  which  are  between  the  D  and  Klines:  the  band  on  the  red  side 
is  somewhat  nearer  the  red  end  than  the  corresponding  band  of  oxy- 
haemoglobin (Spectrum  10), 

If  oxyhaemoglobin  be  treated  with  a  nitrite,  as  sodium  nitrite  or 
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amyl  nitrite,'  there  is  formed  a  certain  amount  of  methaemoglobin 
and  a  certain  amount  of  nitric  oxide  haemoglobin.  The  combination 
of  the  two  gives  a  spectrum  very  .similar  to  simple  methaemoglobin 
(Spectrum  17  in  Chart). 
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Fii..  14ii.  —  AlwiiiiitiiiMiiiectra. 
I"   MftliUumciKli'Wn  (atroriji  wilutinii) ;    i:t  mid  14.  MetbaeiiioKluliin  (wiak  B..luti"iis) ; 
li.   Motli-iiiiioKlobin  Oilkiiliiie  soliitii.n):    1".  Nitiii-  oxide  hiiiiiionlol>iii ;  IT,  Mixture  of 
MetliatuioKloliin  and  iiitrit  oxidu  liiuiiioKloliin. 

If  the  product  of  th(>  action  of  nitrites  be  treated  with  ammonium 
sulphide,  the  spectrum  passes  through  a  transient  oxyhaemoglobin 
stage,  succeeded  by  reduced  haemoglobin,  and  later  becomes  nitric 
oxide  haemoglobin. 

;").  The  visible  Spectrum  of  Acid-haematin.— If  some   diluted   de 
fibrinated  blood  be  treated  with  a  little  glacial  acetic  acid  and  gently 
warmed,  it  will  assume  a  dark  browti  coloiii.     If  it  be  diluted  sutti- 

'Care  must  be  taken  to  avoiil  excess  of  amyl  nitrite,  or  so-called  photo-met- 
haemoglobin,  characterised  by  one  broad  band  between  D  and  K,  will  be  formed. 
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cieiitly,  anil  exuininetl  spcctroscopically,  it  will  present  i\  8])eLtniiii 
cliaracterised  by  one  banil  on  the  red.  th»>  wave  len^tii  corrcsiroiuling 
approximat«'ly  to  Xfi4").  Tin  'ue  enil  of  tlie  spi'ctnini  will  Ihj  very 
largely  absorbed  (Spectrum  fi  in  Chart). 

There  is  frequently  a  considerable  amount  of  general  absorption  in 
the  acid-haeroatin  prepared  as  above,  and  the  band  referred  to  may 
only  be  made  clear  by  filtering  the  solution.  More  satisfiutory  results 
are  obtained  by  extracting  the  colouring  matter  with  ether,  or  treating 
with  chloroform  and  excess  of  acetic  aci<l,  as  follows : 

(it)  Take  defibrinatetl  blood,  and  add  about  half  its  volume  of  glacial 
acetic  acid  and  about  an  e<|ual  <|uantity  of  ether.  Shake  at  once. 
The  ether  will  extract  the  colouring  matter,  and,  on  examining  the 
same  spectroscopically,  three  distinct  bands  will  be  seen— one  on  the 
red  similar  to  that  already  described,  but  apparently  shifted  nearer  the 
D-line  (A.  640),  one  on  the  green  (A.  .550),  another  on  the  green  but 
nearer  the  blue  (A. 515).  A  very  indistinct  band  may  be  seen  on  the 
yellow  (A  590)  (Spectrum  7  in  Chart). 

(h)  T,.Ke  defibrinated  blood,  warm  and  add  half  its  voluv.e  of  glacial 
acetic  acid.  Cool  and  adil  half  tiie  volume  of  chloroform,  and  more 
acetic  acid  if  any  precipitate  appears.  The  solution  will  become  clear 
and  give  a  spectrum  similar  to  that  shown  in  the  ethereal  extract. 

().  The  visible  Spectrum  of  Alkaline  Haematin.— Take  some  diluti-d 
defibrinated  blood,  and  add  a  few  drops  of  strong  caustic  so<la,  and 
warm.  The  colour  will  change  to  a  greenish-brown  tint,  and  when  the 
solution  is  examined  spectroscopically,  it  will  show  a  single  band  on  the 
orange  (wave-length,  A  600).  A  more  satisfactory  method  of  preparing 
the  alkaline  haematin  is  to  form  a  paste  of  pota.ssium  carbonate  aeid 
defibrinated  blood ;  ilry  it  over  a  water-bath  and  extract  with  alcohol, 
when  a  reddish-brown  solution  is  obtained  which  shows  the  distinguish 
ing  absorption  band  clearly  (Spectrum  8  in  Chart). 

7.  The  nsible  Spectrum  of  Haemochromogen  (reduced  Haematin). — 
If  a  watery  solution  of  alkaline  haematin  be  warmed  with  a  few  dr()ps  of 
ammonium  sulphide,  the  brownish  coloui  is  replaced  by  a  more  marked 
red.  If  the  solution  be  examined  spectroscopically,  the  one  band  of 
alkaline  haematin  is  found  to  be  replaced  by  two  bands  on  the  green, 
the  wave-lengths  of  their  centres  being  apiiroximately  A."»(')2  and  A."i30 
(Spectrum  9). 

8.  The  visible  Spectrum  of  Haematoporphyrin. — Take  some  strong 
sulphuric  acid  (10  c.c.)  in  a  test  tube  and  add  a  few  drops  of  blood,  and 
shake  up  the  mixture.  A  purple  colour  will  result,  due  to  the  tlecom- 
position  of  the  haemoglobin  and  the  formation  of  the  iron-free  pigment, 
haematoporphyrin.     This  examined  spectroscopically  will,  in  the  above 
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acid  solution,  show  two  bands,  the  centres  being  approximHtely  A  605 
and  \  565  (Sjiectrum  10  in  Chart). 

If  a  large  excess  of  water  is  added  to  the  above  a  precipitate  is 
thrown  down.  If  this  be  dissolved  in  a  little  caustic  soda,  a  solution 
of  haematoporphyrin  in  an  alkaline  medium  is  obtained,  which  shows 
a  four-banded  spectrum  when  examined,  the  positions  of  the  bands 
being  \630,  \580,  A5r)0,  and  A  520  approximately  (Spectrum  11 
in  Chart). 

Haematoi)orphyrin  may  be  regarded  as  iron-free  haematin,  and 
identical  in  composition  with  bilirubin.  The  following  equation 
represents  the  change  l>rought  about  by  sulphuric  acid  :  — 

C.,,H.„,N,FeO,  +  3H/)  =  •.'(C,,H,,N,0,  +  Fe). 
Haematin.  Hiu-iiiatoporphyrin. 

Solutions  of  haematoporphyrin  exhibit  a  red  flnorescence.  This 
pigment  must  be  regarded  as  normally  present  in  small  <|uantities 
iu  urine. 


CHAl'TEU   IX. 

MU.SCLK. 

Mlsti,K  forms  vhe  most  abundant  tissue  in  the  bo<ly.  It  is  there  that  the 
fooil-stuHs  undergo  combustion,  as  a  renult  of  which  energy  is  lilterated 
and  appears  either  as  muscular  movement  or  as  heat.  The  food-stuBs, 
along  with  the  oxygen  necessary  for  their  combustion,  are  carried  to 
the  muscle,  and  the  eft'ete  products  are  removed  by  the  bloml  going  to 
and  coming  from  the  muscle. 

Muscle  also  constitutes  one  of  the  commonest  foo<l-.stuff8,  moat  being 
the  form  in  which  we  Uike  most  of  our  proteid  and  a  large  amount  of 
our  fat 

\Vc  nnist  accordingly  study  it  from  two  standpoints,  fir-stly  as  the 
"combustion"  tissue  of  the  l)o*ly,  and  secondly  as  one  of  the  most 
important  foiKl-stuHs. 

Chemical  CompoBition  of  Muscle. 

Water,  75  iier  cent. 

Pioteids,  20  21        „ 

Organic  Kxtractives, 0'3-'4       ,, 

Fat, --•■<       .. 

Inorgaiiie  salts,         -----  rO-1'3       ,. 

The  Proteids.— These  may  be  divided  into  two  classes:— (1)  Proteids 
peculiar  to  muscle  ;  and  (2)  Proteids  common  to  muscle  and  blood. 
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EXI'KKIMKNT  I.  A  rabbit  i=<  kilU'd,  un<l  a  .nimula  tied  into 
its  aorta,  by  which  the  blo<Hl-vcK8.'l«  are  wa«h«l  five  ..f  blcxnl 
The  mu8tleH  are  then  reniovod  and  quickly  jMiH^e.!  through  the 
mincing  machine.  The  mince  is  then  mixe.1  with  a  5  jht  .•.nt.  Holut...,, 
of  magnoHium  snlphate,  the  mixture  U-ing  placed  on  ice  and  Ht 
standing  all  night.  The  resulting  extract,  strained  thruugli  mushn, 
should  lie  prepared  beforehand  by  the  demonstrator. 
Divide  it  into  two  jwrta.  a  and  h. 

(<i)  Dilute  with  four  volumes  of  water,  and  place  in  the  water-Utli  at 
bo«lv  temperature.     A  clot  forms. 

(/')  Add  8<ime  acetic  acid.  A  precipitate  forms.  Filter.  Neutmlise 
the  filtrate  with  Na.CO,  solution,  and  dilute  it  with  water.  Place  .t  in 
the  water-liath,  and  note  that  no  coagulum  form.s. 

These  two  experiments  show  us  that  the  extract  contains  in  solution 
a  substance  which  is  precipitated  by  acetic  acid,  and  which  becomes 
transformer!  into  an  insoluble  clot  under  suitable  conditions.  This  Inxly 
is  proteid  in  nature,  as  can  be  proved  by  <lis8olving  the  clot  in  (.»)  i 
10  per  cent,  sodium  chloride  and  applying  the  pi-oteid  tests.  The 
soluble  body  is  called  mtjosiuwjen,  and  the  clot  mi/tisin. 

Besides  myosinogen  the  extract  contains,  however.  <.ther  proteids. 
EXPERIMKNT  II.     Take  some  of  the  muscle  semra  in  (a),  or  of  the 
filtrate  in  (/»),  and  half  saturate  with  ammonium  sulphate.    A  precipitate 
of  globulin  results.     Filter  off  this  globulin  and  test  the  filtrate  for 

albumin.  . 

Organic  Extractives.— (For  preparation  of  extract  see  Advanced 
Course,  p.  439.)  These  are  organic  substances,  which  are  soluble  in 
water,  and  which  are  not  proteid  in  nature. 

These  are  divided  into  two  classes :— (a)  Nitrogenous  and  (/i)  Non- 

Nitrogenons. 

(a)  The  former  gioup  include  creatin  and  alloxuric  bodies ;  creatine 
(C^HpNgO.)  is  the  most  abundant  extractive  in  mu.icle'  (0-2-0-3  per 
cent.).  Chemically  it  is  very  closely  related  to  mea,  aiul  can  be  changed 
into  this  by  Iwiling  with  baryta  water  (see  Advanced  Course,  p.  440) 
By  boiling  with  dilute  mineral  acids  it  loses  a  molecule  of  water,  and 
changes  into  creatinine,  in  which  form  it  appears  in  the  urine.  The 
total  amount  of  creatine  in  the  muscles  is  over  menty  grammes,  but  the 
amount  of  creatinine  in  the  urine  F''  <^'<''"  »«  ""^y  '''•""'  ''"'  gramme. 
On  the  other  hand,  the  urine  contains  alx)ut  thirty  grammes  ot  urea 
P'v  diem,  whereas  the  muscles  ontain  only  a  trace.  These  facts,  uken 
in  conjunction  with  the  close  chemical  relationship  of  creatine  to  urea, 

» It  crystallises  out  from  the  protei.lfree  muscle  extract  after  this  has  l)eei. 
evaporated  to  a  syrup  (see  Fig.  147). 
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would  at  «iiicc  siiggeMt  that  men  in  (lerive*!  fn>tp  crwitiiu',  but  ull  ('X|)eri- 
mentH  to  prove  that  such  a  relntioriNhip  actually  «!xi8t8  have  pn.ved 
entiri'lv  futile. 


Flu.  147.— ('ry»Ul*  uhtalncd  from  ino»t  extract,  mostly  creutiue,  ii  few  sodium  chloride. 

The  other  nitrogenous  extractives,  allozuric  bodies,  arc  scarcely  less 
interesting.'  They  are  members  of  a  large  gioup  of  ^  "ios  containing 
as  their  ])a.sis  of  construction  the  so-called  jnniii  limj,  *vhich  consists  of 
two  urea  radicles  linked  together  by  a  central  chain  of  carbon  atf)ms. 

The  most  familiar  member  of  this  group  is  uric  acid  -  which  has 
the  formula 

NH-  C  -NHx 

h  >C0  (or  C,H,N,0,). 

C  -NH 


CO 


\H-CO 

tiiea  radicle,    urea  radicle. 


'  Tlioy  are  precipitate<l   from   the  creatiii-free  extract  liy  aininoniacal  silvci- 
nitrate  (see  p.  441). 

'■*  Uric  acid  docs  not,  however,  occur  in  a  muscle  extract. 


KLEMENTAUY    PH YSIOLOiJUAh  THKMlSTItY  i<>T 

If  thiTe  Ik-  only  two  oxyp-n  atoniM  jJreiMMit  we  o».ti»iii  Zanthin,  if  only 
one  HypoMBthin,  an«l  thcMo  two  are  th.>  iilloxurir  IhkU.k  .KTiirrinj:  in 
m.wch'  oxtrartH.  Th.-y  nmilt  from  tlu'  hivak.luwn  of  nmlein«  in  the 
muHcle.  Th.KO  niuleinK  contain  alloxiiri.-  lH«lii'«  in  their  n.oie.  nie. 
and  the  hitter  are  cx.iete.l  in  the  nririe  mainly  an  the  more 
highly  oxi(li8e<l  iKMly  uric  aci«l.  A  certain  projn.rtion  i-.,  however, 
split  up  proVwbly  into  urea,  at  any  i-ate  it  is  imiM.ssible  to  ree..ver 
the  whole  of  hyiH.xanthin  as  uric  aci.l  in  the  urine  when  the  iornier 
is  ({iven  with  the  foo«l. 

The  chief  non  iiitrogenou«  extractive  is  Lactic  acid  (C.H.iO.,).     It  i« 
extracted  from  the  creatin  an.l  pnrin-free  liquor  l.y  shaking  with  ether. 
After  evaixmiting  oft'  the  ether  an  acid  synip  is  ohtaineil  which  m 
neutralis.  .1  hy  adding  zinc  carlx.nate,  this  h-ading  to  the  formation  of 
zinc  lactate.  "  Chemically  it  consists  of  abydroxy-propionic  acid.   ..»■. 
propionic  acid,  CH,t'H.,- COOH.  in  which  one  of  th-  H  atoms  ot  the 
methyl  ra<liole  ne^t  the  carboxyl  group  is  replaced  by  hy<lroxyl  (OH). 
An  acid  of  exactly  the  same  constitutional  formula  is  obtained   by 
the  fermentation  of  lactose  (see  carlM.hydnites,   p.    16.-.),  and  und.-r 
special  conditions  of  cane  sugar.     The  acid  obtaine.l  by  the  termenU- 
tion  of  sugar  tliffers  from  .s«rr»  lactic  acid,  however,  in  the  tact  that 
it  does  not  rotate  the  plane  of  polarise.1  light  in  either  direction, 
whereas  sarco-lactic  acid  rotates  it  to  the  right.    This  ditterent  behaviour 
<lepen<ls  on  the  ->xact  iK)sition  of  the  various  side  groups  in  relation  to 
a  centra!  carbon  atom  (see  Advanced  fourse).     The  test  for  sarco- 
lactic  acid  is  the  siimc  as  lor  ordinary  lactic  acid,  namely,  Utfelmanns 
reaction  (see  Milk,  p.  1H8). 

?:.\1>KUIMKNT  III.  Apply  rtfelmanns  test  to  the  muscle  extract. 
Another  important  nitrogcu-free  extractive  is  glycogen  (CJI, „(),)». 
The  relative  amount  of  this  is  small  (about  04  per  cent.),  but  it 
varies  in  different  animals,  ami  is  much  diminished  after  muscular 
activity.  Although  the  percenUigc  is  small  the  fol„l  amount  contained 
in  all  the  muscles  of  the  body  has  been  foun<l,  in  the  case  of  the  cat  at 
least,  to  be  nearly  the  same  as  that  conUiined  in  the  liver. 

The  less  important  extractions  are  -.—Urea,  caniic  acid  (C,„n„N,(),,,) 
(which  is  identical  with  antipcptone  and  exists  in  muscle  combine<l  with 
phosphoric  acid  as  phospho-carnic  acid),  dextrose  (trace)  inosinic  acid 
(also  contains  phosphorus,  but   its   e.xact   formula   is  unknown)  and 

lecithin.  ,    „    i 

Inorganic  Salts.— These  consist  of  salts  oi  the  alkalies  and  alkaline 

t^arths.      The  chief  acid    radicle  present  is  }>lio.<j>h,>,ir  <in<l,   and    this 
>  If  it  had  l.cei.  in  the  <.ther  ...ethyl  radicle  that  the  s.ibstitutio..  of  (»H  fo.  H 

had  occu.-.ea,  the  resulting  body  would  have  In^en  /i.hyd.oxy-p.op.».nc  aud. 
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••xistd  in  wjverttl  stHtei-  -('»)  Inorgiinii-  phonphate*.  0>)  phnsphonii  of 
htithiii.  (' )  phoaphoniii  of  nitcloin,  ('/)  phmphorus  of  phonpho  curnic 
acid,  (f)  phoMphonw  <>f  ino^inic  acid.  (/)  Ik-sidf*  these  the  wuu-ry 
extract  cotituini  uiiother  phoHphorui*  coiitaininx  organic  coiniMmnd  of 
unknown  coni|)ORition. 

i'hosphut-urt.  therefore,  neenm  to  lie  a  very  iii.,iortant  constituent  of 
nuiwie,  and  its  fomi  of  eomhination  changes  after  muscular  work,  the 
organically  conihine*!  phosphorus  l»eing  split  off  as  inorganic  phosphates 
which  are  then  washe«l  out  of  the  muscle  by  the  hloo«l,  and  ap|>ear  in 
the  urine.  It  is  on  this  account  that  the  phosphates  in  the  urine  are 
increiised  after  muscular  work. 

E.Xi'KllIMKM'  IV.  A  watery  evtra'-*  'if  muscle  has  l>oe:i  free<l  of 
proteids  liy  boiling  it.  Aild  to  the  clear  filtrate  a  few  dro|is  of 
ammonia  till  faintly  alkaline,  and  then  a  10  per  cent,  solution  of 
calcium  ehloritle.     A  white  precipitate  of  phosphates  results.' 


CHAPTER  X. 


F(M)DS  AND  THK  I'KINCIl'LES  OF  DIETETICS.' 

In  the  tissues,  more  especially  in  the  muscles  and  glands,  chemical 
processes  are  constantly  going  on  which  lead  to  the  production  of 
the  energy— thermic  and  mechanical— necessary  for  life.  These 
chemical  processes  consist  of  the  decomposition  and  oxidation  of 
complex  molecules  into  simpler  ones,  during  which  a  large  amount 
of  potential  energy,  which  had  been  stored  up  in  the  complex 
molecules,  is  set  free  as  actual  oi'  kinetic  energy.  The  complex 
substances  necessary  for  this  process  are  supplied  by  the  food- 
stuffs absorbed  from  the  intestine.  It  is  consequently  necessary  to 
supply  these  bodies  to  the  organism  from  without,  and  besides,  to 
supply  water,  which  is  required  for  the  circulation  of  the  blood  and 
lymph. 

The  tissues  themselves  are  also  subjected  to  a  considerable  amount  of 
tear  and  wear,  and  the  repair  of  this  is  effecte*!  by  the  proteids  and 
inorganic  salts,  and  by  these  alone. 

'  That  this  precipitate  consiBts  of  phosphates  can  be  proved  by  dissolving  in  it 
nitric  acid  and  testing  with  molybdate  of  ammonia. 
2  The  advanced  chapter  on  »'>i8  subject  is  under  the  heading  of  Metabolism. 
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\V«  nmv,  therefore,  tlividi-  lh««  proximutc  prituipl)!*  t.l  I'<mkI»  into  two 

groiipA,  viz.; 

Tissiii'  j'oi  iiirrs  I'rotfitI,  iiiorpinir  milts,  wiiter. 
t'oiiihiisliim  iii'itrriiil  IVotoid,  fatu,  carbohy<lmt«'«. 
It  will  »K»  ohw^rvwl  that,  of  the  oijiaiiii-  Unni  Hturtn.  protoi.l  may 
fuiKtionate  in  either  lainicity.  ami  h.-tM.-,  that  a  <liet  lontainiitjr  it 
alone  can  Hcrv.-  an  an  etfirient  (whI  That  thin  in  so.  in  |»iov.mI  l.y 
th<'  fact  that  the  Indians  of  tho  Pam|)as  livt-  .'ntiivlx  on  tiesh. 
Without  proteiil  it  is  impossible  to  maintain  life,  iHit  if  more  than  is 
necessary  for  the  re|»air  of  the  »>roken-«lown  tissues  Im>  supplied,  the 
excess  may  serve  as  fuel. 

The  most  serviceaMe  combustion  material  M>ems,  however,  to  be 
cjirbohydnite ;  next  comes  proteid,  and  the  least  available  is  fat,  this 
latter  b««ing  pre-eminently  the  form  in  which  the  excess  of  ftMKl  over 
present  reijuirements  is  laid  by  for  future  use.  Thus,  during  summer, 
hiliernating  animals  store  up  a  large  tpuintity  of  fat.  and  this  is  cralletl 
u|K)n  during  the  winter  sleep  to  furnish  the  energy  necessary  for  life. 

//(  judi/niij  whHhn-  "ii!)  (lift  l>r  effiiknt  the  first  thing  we  must  see  to, 
therefore,  is  that  it  contains  a  sufficient  amount  and  a  suitable  mixture 
of  the  nutritive  constituents  '  of  foal.  In  practice  it  is  foiuid  that  these 
facts  can  be  determined  by  estimating  the  amount  of  onlxm  and  of 
nitiixjen  which  the  diet  contjiins.  We  can  determine  how  much 
of  these  two  elements  is  necesmiry,  by  estimating  the  amount  of  them 
contained  in  the  excreta. 

An  ordinary  man  under  ordinary  circumstances  eliminates  alwut 
300  grammes  of  carlwn  per  diem  (chiefly  as  ('<),,  in  expired  air),  and 
about  15  grammes  of  nitrogen  (chiefly  as  ureu,  etc..  in  the  urine). 
Now,  the  only  foixl-stufl"  which  contains  both  these  elements  is  proteid, 
and  to  supply  the  re(|uired  amount  of  nitrogen  it  would  be  neci's.sary  to 
give  only  alwut  KtO  grammes  of  this.  Such  an  amount  would,  however, 
oidy  furnish  about  one-sixth  of  the  necessary  amount  of  carlxdi.  This 
difficulty  could  be  .surmounted  by  giving  ulsjut  600  grammes  of  proteid, 
but  then  the  tissues  would  be  supplied  with  six  times  more  nitrogen 
than  they  recpiired.  It  is  advantageous,  therefore,  to  mix  with  the 
proteid  some  food  stufi"  containing  an  excwss  of  carbon  but  no  nitrogen. 
Such  a  food  stuff"  is  fat  of  caroohydrate.  Kxperience  teaches  us  that  of 
these  two  the  more  serviceable  is  carbohydrate,  and  for  two  rca.sons ; 
firstly,  becatise  it  is  more  ea  ily  digesteil,  and  secondly,  b..'cause  it  is 
cheaper. 

»  Thew;  miliilive  coUStitucnU  arc  sometime*  t-rtlle,!  the  pro.rimn'--  j^>-i>:ripirx  of 
foocJ,  because,  cnmisting  us  they  <Jo  of  carbon,  liy.lrogen,  oxygen,  iiii.l  nitrogen 
combineil  more  or  less  into  highly  i-oniplex  Inxlies,  tliey  are  nally  elementary 
constituents  of  the  organism. 
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When  muHcuhir  work  i«  perfornie.1  the  excretion  of  carbon  rises 
wheroa.  that  of  nitroKou  is  scarcely  affecteci  at  all,  so  that  in  such  casei 
ttic  diet  should  contain  an  excess  of  carlxm. 

Another  meth<.(l  .,f  .letermining  how  much  food  will  be  r^niired  is 
to  estimate  how  mnrh  ennujf,  must  be  liberated  in  order  to  meet 
the  needs  of  the  organisn..  We  can  .lo  this  by  placing  the  person  in  a 
respiration-calorimeter  in  which  all  the  actual  h«it  which  leaves  the 
b(xiy  18  collected  and  measured.  By  ad.ling  this  result  to  the  thermal 
eciu.valent  of  the  nuiscular  work  which  he  meanwhile  j.erforms,  we 
obtixin  the  total  amount  of  energy  eliminated.  This  result  is  expressed 
•n  calories,  a  kilo-calorie  being  the  amount  of  heat  necessary  to  raise 
the  temperature  of  one  kilo  of  water  through  one  degree  centi-^rade 
In  this  ^v-ay  it  is  found  that  about  3,50(»  kilo-calories  are  necessary 
per  diem  tor  an  adult  doing  orflinary  work.' 

Having  determined  how  much  energy  will  be  re.,uire<l,  we  must  now 
hnd  out  how  much  foo«l  must  bo  supplied  to  yield  it.     \\^  can  deter- 
mine the  calonc  value  of  the  various  fo.xi-8tutts  bv  burning  them  in  a 
chemKal  calorimeter.     Since  the  end  products  of  the  combustion  of 
iats  and  carbohydrates  (^  iz.,  CO,  and  H,0)  are  the  same  in  the  body 
as  tn  ntro,  the.r  physical  caloric  values  are  the  same  as  their  physio- 
logical, VIZ.,  4-1  fur  earlH.hydrates  and  9  3  for  fats.     A  very  important 
end  product  of  the  meUibolism  of  protei.l  is,  however,  urea  which  still 
contains  some   potential  energy,  so  that  it  has  a  physical  heat-value 
ot  ,t.s  own.     In  order  to  find  the  physiological  heat  value  of  proteid, 
therefore,  we  must  deduct  from  its  physical  value  the  physical  value 
of  the  amount  of  urea  arising  from  it.     By  this  means  it  has  been 
shown  that  the  physiological  heat  value  of  proteid  is  practically  the 
same  as  that  of  carbohydrate,  viz.,  41 

hy  „n  e..:mnn(iou  of  the  diets  tnkra  by  various  dasse..  of  people,  averages 
ot  the  relative  amounts  of  the  various  classes  of  food  stuffs  have  bJen 
obtained  buch  a  table  for  a  man  .loing  an  ordinary  amount  of  work 
IS  tne  following : 

Proteid,     -         .         .         . 

CarlK.l,y.lr«te.  -         -         .  "         "         "  '     l""^  «'•"''"'««• 

Puj  -wn  grainmes. 

•jO  graniines. 
'In  physical  chemUtry  tl.e  unit  of  heat  chonen  is  one  thouBan.l  times  sn.aller 
han  the  pl,ys,olo«,oal  Calorie,  it  being  in  this  case  the  an.ount  of  heat  necerry 
S,  r.  "  T^"^''''^  "'  "-  «■■—  "f  water  through  one  degree  cent  ^  Z 
Th  „,all  ealone  ,s  written  with  a  sn.all  "  o."  the  large  one  with  a  capital  •'  C  " 
The  h,„nnn>  can  /«  trnu.form.l  i„to  nntu  of  ,rork  by  nu.ltiplying  by  4-Iv.5  a  unit 
of  «„rk  be.ng  expresse<l  as  the  a.nount  of  force  necessary  to  raise  a  weight  of  one 
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This  diet  yieUls ; 


■.>ll 


Carlton. 

Nltripgeii. 

KlUi-riilorif!.. 



IVoUid, 

(!•_'  iiv. 

■JO  gr. 

i-.':i    4  1      .-i  I J  .•>(•. 

Carlio.,  - 

- 

•i<IO  gr. 

"- 

.-.tH)    4  1    -Jorit*    «". 

Fat, 

- 

•■W  gr. 

— 

.-)»     !(•:<       Mm     C. 

'rolal, 

- 

:m  gr. 

•JO  gr. 

:«R>7 .-)('. 

These  facts  show  us  how  important  it  is  to  know  the  exact  tonii»osi- 
tion  of  the  various  food-stuffs,  so  that  wc  may  be  in  a  position  to 
draw  up  ai'  iidojuate  dit't  sheet. 

The  organic  food  stuffs  may  conveniently  be  <Hvided  into  two  cla-sses, 
the  animal  and  the  vegetable. 

The  Animal  Food  Stuffs. — The  two  most  imjM)rUuit  of  these,  viz. 
milk  and  nifat,  have  been  discussed  in  seywrate  chapters. 

Eggs  form  another  important  class  of  animal  foods. 

Egijs. — A  hens  egg  weighs  about  two  ounces  or  fifty  grammes.  The 
shell  forms  about  1  -'  per  cent,  of  the  total  weight,  ami  consists  mainly 
of  carbonate  of  lime.  The  tcliile  consists  of  a  multitude  of  very  tine 
fibrous  envelopes  filled  with  a  solution  of  proteid  (chiefly  egg  albumin, 
but  also  traces  of  egg  globulin  and  egg  mucoid),  containing  traces  of 
eugar  (0-5  per  cent.),  fatty  substances,  and  inorganic  salts.  About 
H.^i  per  cent,  of  the  white  is  water.  The  i/olk  contains  alwut  Al  per 
cent,  of  water,  the  solids  being  mainly  fats  (31  To  \ter  cent.),  the  chief 
of  which  is  the  phosphorise<l  fat  lecithin.  It  also  c(mtains  alxnit 
16  per  cent,  of  proteid,  and  this  is  mainly  of  the  nattue  of  a  nucleo- 
proteid  called  vitellin.  The  proteids  and  fats  are  intimately  unite<l 
with  one  another  in  the  yolk,  the  exact  nature  of  the  res\ilting 
compounds  being  very  little  uiiderstoo<l. 

The  yolk  contains  about  1  per  cent,  of  inorganic  salts,  and  it  is 
imjiortant  to  note  that  the  jihosjihorus  cj-intg  iimiiihj  in  onjnnir  iimihimifioH 
(partly  as  lecithin  and  partly  as  nuclein).  The  same  is  true  of  the 
iron,  which  exists  in  organic  combination  with  nuclein.  Uoth  the.se 
inorganic  IkkHcs  are  much  more  easily  assimilated  when  presented 
to  the  tissues  in  organic  combination. 

The  Vegetable  Food  Stuffs.— One  of  the  most  impoitant  groups  of 
these  is 

Cnrnls. — These  are  obtained  from  the  seeds  of  various  artificially 
cultivated  grasses,  anil  they  all  contain  reprcsenUitives  of  the  various 
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nutritive  constituents  of  foods.    The  following  Uihle  givo:,  their  general 
a\  eragi!  composition  : — 


Wiiter, 

I'rotoi.l, 

Carbohydrate, 

Fat, 

-Mineriil  niiitter,   - 


10-12  per  cent. 
I0-I2  per  cent. 
*>5"5  per  cent. 
0-.">-S  jier  cent. 
iil)i)nt  •>  per  cent. 


The  more  important  varieties  have  the  following  c.>nii)osition  :— 


Wheat,  - 
Oats, 
Barley,  - 
Rice,       - 


Water. 

120 
lU 
12-3 
12 


Hnitci.I. 

1211 

10-9 

1(11 

7'> 


Fiit. 

1-7 
4-5 
1-9 


('art)o- 
liydrate. 


71-2 

r)9i 

(i9-.") 
76  H 


CelliiloHC. 

Aah. 

2  "2 

1-9 

120 

3-.-) 

;i-.s 

1-0 


2-4 
10 


Taken  from  Hutchisons  F,m,l  ,„„l  Ih^  PrinrlfJ,^  of  Dielel~-H. 

The  most  inip<jrtant  of  the  cereal  foods  is  wheat,  of  which  it  is 
estimated  that  6  bushels  per  head  of  population  are  consumed  every 
year.  It  is  in  the  form  of  flout  and  hread  that  wheat  is  mainly 
consumed. 

FLOUR. 
Ordinary  white  flour  is  obtained  from  the  endosperm  of  wheat  grains 
and  contains  from  70  to  75  per  cent,  of  starch,  about  8  per  cent  of 
proteid,  and  about  1  per  cent,  of  fat.  The  proteid  is  mainly  of  the 
nature  of  a  globulin,  and  it  has  the  property  of  becoming  viscid  when 
mixed  with  water.  This  viscid  body  is  called  gluten,  and  it  is  in  virtue 
of  this  botly  that  dough  is  formed  when  water  is  added  to  flour,  as  iii 
the  manufacture  of  bread. 

EXPKRIMKNT  I.  lioll  up  some  flour  loosely  in  a  piece  of  muslin ;  place 
the  Iwg  thus  formed  in  a  small  beaker  conUining  some  wuter  aad  knead 
It  The  surch  grains  pass  through  the  muslin  into  the  water,  so  that 
this  soon  l)ecomes  opaque  and  a  sample  placed  in  a  test-tube  gives  a  blue 
colour  with  iodine.  Apply  Trommers  test  tc  .nother  sample  and  note 
that  no  sugar  is  present.  After  kneading  for  some  time  remove  the  bag 
and  examine  the  contents,  when  it  will  be  found  that  a  sticky  mass  ha^ 
l»een  produced-gh.ten.  Remove  a  piece  of  this  and  suspend  it  in 
water  in  a  test-tube.  Apply  MiUon's  and  the  xanthoproteic  tests  to  it 
and  note  that  the  sn.spended  pieca,  of  ghuen  react  positively  to  both 
tests.  ' 
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Grains  jKJor  in  gluU-n-fonning  jtlohulina  do  not  form  donjjh  wlieii 
mixed  with  water,  e.ij.  rice,  oats,  etc. 

(J(iod  flour  <loe«  not  contsvin  «uj;ar,  and  if  that  he  present  it  shows 
that  a  certain  amount  of  germination  has  occurred. 

iriwlejiour  is  oVitained  hy  crushing  the  entire  grain  minus  the  husk 
and  outer  jwrtion  of  the  bran.  It  contains  somewhat  more  proteiii 
and  fat  than  does  white  flour  and  is  accordingly  more  luUritious,  hut  on 
account  of  the  admixture  of  bran  which  it  contains,  it  is  less  digestilile 
and  acts  as  a  mild  laxative  on  the  intestine. 


HKKAD  AND  BRKAD  MAKINti. 

The  gluten  which  is  fomie*!  when  water  is  added  to  flour  cainiot  be 
directly  used  as  a  fo<Ml,  for,  on  account  of  its  soddenness.  it  is  impervitnis 
to  the  digestive  juices,  and  cannot  therefore  be  digested.  Before  it  can 
be  digested  it  must  be  aerated,  i.e.  rendered  porous,  and  in  this  state  it 
forms  hiriid.  The  agency  employed  to  aerate  the  biead  is  carbon 
dioxide  gas,  which  is  generated  in  the  mass  of  gluten  or  '  dough  "  by  the 
action  of  the  yeast  plant  on  sugar. 

The  following  is  a  brief  rhiiwr  of  the  process  -.—The  flrst  stagt-  in  the 
process  consists  in  pre|)aring  an  active  culture  of  the  ye«st  plant.  This 
was  originally  done  by  allowing  dough  to  stiind  exposed  to  the 
air,  when  some  of  the  yeast  cells,  which  appear  to  be  tmuiipresent  in  the 
atmosphere,  settled  on  it,  and  grew  and  nuiltiplied  there  until  a  ferment- 
ing mass  or  '/www'  was  obtained.  Unfortunately  for  this  pnH'css, 
however,  the  atmosphere  contains  other  bacteria  which  also  settle  on  the 
dough,  and  by  their  growth  lead  to  the  pnxluction  of  organic  acids,  in 
consequence  of  which  the  mass  became  very  sour.  To  make  breail 
a  little  of  the  leaven  was  added  to  fresh  dough,  in  which  it  grew 
anil  multiplied  until  the  whole  was  leavened,  the  aerated  mass 
being  then  heateil  so  as  to  8tt)p  the  fermentation.  Such  bread  is 
very  sour,  and  although  the  process  is  still  carried  out  in  some  jwrts  of 
Germany,  it  is  almost  obsolete. 

In  the  malem  jirucess  the  leaven  gives  way  to  the  so-called 
ferment,  which  is  pnxiuced  by  adding  some  jjure  yeast  obtainiHl 
from  the  brewery  to  a  culture  medium  consisting  of  a  mixture 
of  masheil  potatoes  and  flour,  the  culture  being  kept  in  a  warm 
place  for  about  five  hours.  By  this  time  the  mass  is  swarming  with 
young  actively-growing  yeast  cells,  and,  providwl  that  contamination 
with  bacteria  has  been  prevented,  none  of  the  sour  acids  which 
develop  in  leaven  are  present.  Besides  the  yeast,  anothei-  ferment 
called  duistii^,  originally  present  in  the  flour,  grows,  and  by  its  growth 
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hy<lr..lys.'s  some  of  the  starch  of  the  flour  into  sugar.     The  yeast  cells 
then  act  on  this  to  produce  alcohol  and  carbonic  acid  gas,  so  that  a 
fermenting  mass  is  ol)tained.     More  flour  is  now  added  to  this,  and  the 
process  allowed  to  proceed  five  or  six  hours  longer,  until  the  developed 
gas  causes  the  top  to  burst,  after  which  the  remainder  of  the  flour  is 
added.     The  mass  is  now  called  tlmu/h.     It  is  thoroughly  mixed  by 
machinery,  and  allowed  to  fermtint  for  another  hour,  when  it  is  weighed 
out  '"'..o  Imvcs,  which  are  then  i)laced  in  iwns  and  heated  to  about 
2Si'°  C.  in  an  oven  for  an  hour  and  a  half.    The  heat  kills  the  yeast,  but 
at  the  same  time  causes  the  enclosed  bubbles  of  gas  to  expand,  so  that 
the  dough  beco-ies  filled  with  little  cavities.     The  heat  also  causes  the 
outer  |)iirt  of  the  dough  to  become  hardened  by  coagulating  the  proteid, 
and  at  the  same  tin»e  it  converts  the  starch  into  dextrin  and  soluble 
starch,  and  so  forms  the  rrmt.     The  crust  is  glazed  Ijecause  of  the 
dextrin,  and  it  is  colourwl  and  its  taste  difl'erent  from  the  rest  of  the 
bread,  because  of  the  rammel  jinxluced  by  the  action  of  the  heat  on 
the  sugar  which  is  developed. 

KXPEKIMKXT  II.  Shake  up  some  bread  with  water  and  filter  ofl'  the 
extract.  Test  the  residue  for  sUrch  by  adding  iodine,  and  for  proteid 
by  the  xanthoproteic,  or  Millon's  tests.  Test  the  residue  for  sugar  bv 
Tromraer's  test.  All  the  reactions  are  positive.  If  a  similar  extract  \^ 
made  of  the  crust  it  will  be  found  to  give  a  purplish  colour  with  ioline, 
due  to  the  soluble  starch  and  dextrin  which  it  contains. 


CHAPTER   XI. 


DKJKSTION'.     FKRMKNTS. 

Thk  organic  focxi-stufls—proteids,  fats,  and  carbohydrates— exist  mainly 
as  very  large  molecules  which  are  incapable  of  diflusing  through  animal 
membranes.  Before  the  food  can  be  absorbed  by  the  gastro-iniestinal 
mucosa  it  is  necessary  that  these  large  molecules  be  resolved  into 
smaller  ones.  Digestion  is  the  process  by  which  this  resolution  is 
eff-ected  in  the  animal  Ixniy,  and  although  absorption  is  not  a  mere 
physical  process  of  osmosis  it  can  nevertheless  only  proceed  rjfinenthj 
with  simple  molecules. 

The  agencies  which  act  on  th  foodstuffs  during  digestion,  and  which 
produce  this  resolution,  are  callerl  fennents. 

These  ferments  are  of  two  \ind8— organised  and  unm-ganised.     An 


KLKMKNTAKY    PH VSIOLiKJKAL  rHKMISTHY 


!i:. 


example  of  the  former  is  yeast.     VVlien  'his  gi-ows  in  i\  sohitioii  of 
dextrose  it  splits  the  tlextrose  into  alcohol  ami  carlioiiic  atiil . 

C',,H,,()„  =  2C,H;,Oll  +  2CO,. 
All  example  of  the  latter  is  the  ferment  present  in  saliva,  namely, 
ptyalin.     This  resolves  iM)lysaccharides  into  inonosiicchariiles : 

(<'.iH,„(),)„  +  «H,C)  =  HV,H,,0,- 

In  the  case  of  yeast,  the  chemical  process  goes  on  in  tin-  Mi/  of  thf 
cAI,  and  the  energy  which  is  liberated  by  the   splittieig  up   of  the 
complex  molecule  into  simpler  ones  is  used  up  in  the  life  of  the  plant. 
The  agent  which  causes  this  process  is  not,  however,  the  vital  activity 
of  the  yeast  cell,  but  it  is  an  unorganised  ferment,  called  a  '.iiim^ 
mamifactured  by  its  protoplasm.     If  yeast-cells  be  kille<l  by  grinding 
them  HI  a  mortar  with  siind,  and  then  be  subjected  to  a  pressure  of 
500  atmospheres,  a  clear  golden  flviid  is  expressed  from  them,  which,  if 
added  to  a  soh'.'ion  of  sugar,  produces  alcoholic  fermenUition.     We  see, 
therefore,  that  there  is  no  actual  difference  l)etween  the  two  kinds  of 
ferments,  the  organised  or  living  cell  ferment  owing  its  properties  to 
an  internal  secretion  in  the  meshes  of  its  protoplasm.     In  connection 
with  their  nnMioua  of  wtmlij  there  are,  however,  certain  jM>ints  of 
difference  between  unorganised  and  organised  ferments,  and  especially 
with  regard  to  the  temperature  at  which  they  are  destroyed.     All 
ferments,  organised  and  unorganised,  are  destroyed  at  a  temperature 
of  70°  ('.  in  the  presence  of  water.     If,  however,  unorganised  ferments 
be   dried,   they   stand   a  very   much   higher   tempeniture.'      Certain 
chemical  substances— ^.(/.  chloroform,  alcohol,  ether,  etc.— aljolish  the 
action  of  organised,  whereas  they  do  not  affect  unorganised,  ferments. 
These  differences  are,    however,  more  apparent  than  real,   for   it  is 

^ident  that  when  the  cell,  in  the  case  of  organised  ferments,  has  been 
killed  by  any  of  these  agencies,  it  will  no  longei-  be  capable!  of  absorl»- 
ing  into  its  meshes  the  substance  to  lie  fermented  ;  and  although  there 
may  be  zymase  present  in  these  meshes,  it  is  incaiKible  of  acting, 
liecause  it  is  locked  up  in  the  dead  protoplasm  of  the  cell  Iwdy. 
Certain  bacteria,  such  as  B.  diphtheriae  and  B.  tetjini,  behave  like 

land  cells,  in  that  they  excrete  an  unorganised  ferment,  which,  when 
It  gains  entry  into  the  blood,  produces  the  symptoms  of  the  disease. 
Thus,  if  the  fluid  in  which  either  of  these  organisms  has  been  grown 
be  filtered  free  of  bacilli  and  injected  into  an  animal,  the  character 
istic   symptoms   are    produced.     Certain   organisms,    such  as   B.    coli 

1  T'>i.'  upofHs  of  certain  liaeteria  can.  however,  stand  a  very  \i\a\\  tt'ni|ier»tuie 
without  1>eing  Jestroyeil.  For  example,  the  spores  of  the  tetanus  liacillua  lan 
usnp.lly  withstand  boiling  for  tive  minutes. 
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and  B.  typhosus,  on  the  other  hand,  do  not  exoretc  their  ferment,  but 
retiun  it  in  their  cell  hcKlies  as  a  zymase.  The  bacilli  free  culture 
medium,  when  injected  into  an  animal,  docs  nut  in  this  ease  produce 
any  symjrtoms. 

The  unorjjanised  ferments  which  exist  in  the  animal  body  are 
divided  into  certain  groups  depending  on  their  action.  Sonie  convert 
polysaccharides  into  monosaccharides.  These  are  called  amylolytic 
fermenta,  examples  being  ptyalin  in  siiliva  and  amylopsin  in  piincreatic 
j'lice.  Others  convert  native  proteids  into  j)eptones.  These  are  called 
proteolytic,  and  are  found  in  the  gastric  (pepsin)  and  pancreatic  juices 
(typsin).  Others  invert  disticcharides,  and  are  called  inversive —«.</. 
invertin  of  intestinal  juice.  Others  split  neutral  fat  into  fatty  acid 
and  glycerine,  and  are  called  steatolytic — e.ij.  steapsin  of  {pancreatic 
juice  ;  whilst  others  convert  soluble  into  insoluble  proteids— ^.7.  the 
rennet  of  the  gastric  juice  converts  cascinogen  into  casein,  and  are 
called  coagulative.  tibrin  and  myosin  ferments  have  a  similar 
action  on  certain  of  the  soluble  proteids  of  blood  and  muscle. 

These  ferments  all  act  best  at  the  temperature  of  the  body.  They 
become  inactive  at  low  temperatures,  hut  this  does  not  destroy  them, 
as  they  again  reassume  activity  on  raising  the  temperature.  As  stated 
above,  a  temperature  of  TO"  C.  destroys  them  if  water  be  pre.sent.  If 
they  are  dried,  however,  they  can  stand  much  higher  temperatures. 
Some  of  them  act  best  in  an  alkaline  reaction  (ptyalin) ;  others  in 
an  acid  reaction  (pepsin). 

The  substances  produced  by  their  activity  tend  to  stop  their  action, 
i.g.  the  alcohol  produced  by  the  action  of  yeast  on  cane  sugar  will,  if 
allowed  to  accumulate,  ultimately  put  a  stop  to  the  fermentation. 
In  the  case  of  organised  ferments  these  products  may  actually  kill  the 
cell,  and  completely  stop  any  farther  fermentation.  In  the  case  of 
unorganised  ferments,  on  the  other  hand,  if  these  substances  be  removed, 
the  ferment  resumes  activity. 

Most  ferments,  aerobic,  require  free  oxygen  for  their  activity,  others, 
(iiiaerobic,  can  act  in  the  absence  of  the  free  aas. 

The  ferments  cainiot  be  isolated  as  tangible  substances,  but  they  can 
bo  precipitated  along  with  proteids  by  saturation  with  ammonia  sul- 
phate, or  by  the  addition  of  alcohol.  They  are  soluble  in  glycerine,  and 
active  solutions  of  them  are  usually  prepared  by  extracting  the  gland 
with  this  substance.  There  are  no  chemical  tests  by  which  we  can 
identify  them,  their  presence  in  any  fluid  being  detected  by  allowing 
them  to  act  on  suitable  substances. 

Nearly  all  ferments  act  by  producing  hydrolysis,'.'/,  the  inversion 
of  cane  sugar,  the  peptic  or  tryptic  digestion  of  proteids,  etc. 
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DltiKSTION    IN    THK    MoVTll. 

The  salivary  gliiiuU  parotid,  «ublinf,'iial.  and  sul>niaxillarv  al<>ii}; 
with  the  nunnTOUS  isolated  gland  acini  mattered  over  the  niuinsa,  jwrnr 
iiiU)  the  mouth  a  secretion  known  as  saliva.  The  c()ni|K)sition  .it  this 
mixed  saliva  is  as  follows  ; 


Watii;        .       .       -        - 
Ori/anir  Maltn;   - 

MiU'iiM  lUiil  cpitheliiil  oelU. 
Jiioiijanii-  Matter, 


H<»4'i  jM-i  <»iil 

(l-.Mi 

I'tyiiliii  iimJ  wilulile  priiteiil.  KCNO 


ClilorMes,  iihoHpliatex,  iiikI  carlmimtf  of  alkalits  iiii.l  ulkaline  tarlli. 

It  is,  theret'orc,  a  very  dilute  seeretion,  its  8i>eeitiu  gravity  In-ing  only 
about  1005,  ordinary  w    or  being  taken  as  1000. 

The  total  secretion  <  .-ing  --'4  hours  amounts  to  about  the  same  as 
that  of  the  urine,  i.i:  1500  c.c. 

The  saliva  excreted  by  the  diflerent  glands  difl'ers  somewhat  in  com- 
position ;  that  from  the  parotid  contains  no  mucus,  and  is  consecpiently 
a  thinner  fluid  than  that  of  the  submaxillary,  which  contains  much 
mucus,  or  than  the  sublingual  saliva,  which  also  contaiiis  a  certain 
amount  of  that  substance. 

Collect  some  saliva  in  a  test  tube,'  and  perform  the  following  reactions 

with  it : — 

I.  To  Identify  the  Various  Constituents. 

Experiment  I.  A  drop  placed  on  red  litmus  jiaper  protluces  a  blue 
stain.  The  reaction  may,  however,  become  acid  where  deeomi^sition 
is  taking  place  in  the  mouth,  as  is  the  case  in  decaying  teeth. 

Experiment  II.  If  a  drop  of  saliva  be  placed  on  a  slide,  covered 
and  examined  under  the  microscope,  two  kinds  of  cells  will  be  seen, 
viz.:  (\)  hnje,  flat,  »iuamous  rells,  which  have  been  desquamated  from 
the  surface  of  the  stratified  epithelium  of  the  mouth,  (2)  ■'nuill  ro,..tl 
nils  like  leucocytes,  which  come  either  from  the  glands  themselves  oi- 
from  the  tonsils. 

Experiment  III.  Place  some  saliva  in  a  test  tul)e  and  dilute  it  with 
an  equal  (juantity  of  water  ;  now  add  a  few  drops  of  10  per  cent,  acetic 
acid,  when  a  stringy  precipiute  of  mucus  will  occur.  Filter  off  this 
precipitate,  and  note  that  the  filtrate  is  watery,  the  stringy  character 
of  saliva  being  due  to  the  mucus  which  it  contains.  To  the  filtrate  add 
A  few  drops  of  Millon's  reagent  and  boil.  The  result  shows  the  presence 
of  proteid. 

"  The  secretion  of  saliva  may  1*  stiniulaUMl  l.y  iiilmliiig,  through  the  mouth, 
some  acetic  acid. 
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KXPKRIMENT  IV.  AiM  to  some  saliva  in  a  test-tube  a  drop  of  u 
weak  solution  of  ferric  chloride  (Li(|.  Ferri.  Perehlor.  B.P.).  A  ro<l 
colour  is  pnMlucwl  due  to  the  pro<luction  of  ferric  sulphocyanide,  the 
ferric  salt  reacting'  with  a  snlphocyanida  (viz.  KCNS)  which  is 
contained  in  wiliva.  The  red  colour  is  discharge*!  hy  adding  a  few 
drops  of  a  solution  of  mercuric  chloride  (1-1000). 

K.XPERIMENT  V.  If  some  saliva  be  allowefl  to  stand  for  an  hour  or 
so  it  l)ecomes  milky  or  a  thin  surface  film  forms  on  it.  This  is  due  to 
the  precipitation  of  calcium  carbonate  which  e.xists  in  fresh  sijliva  as 
calcium,  bicarbonate,  which  is  soluble.  On  standing  exposed  to  the 
air,  however,  carbonic  acid  gas  ia  given  off,  in  consequence  of  which  the 
bi-carbonate  changes  into  the  carbonate.'  A  similar  precipiution  of 
calcium  carbonate  carrying  with  it  a  certain  amount  of  calcium 
phosphate  (C"a.,(POJ.,)  sometimes  occurs  in  the  ducts  of  the  glands 
and  leads  to  the  formation  of  calculi,  or  a  similar  precipitate  may 
form  on  the  teeth,  where  it  leads  to  the  formation  of  tartar. 

II.  To  Study  the  Action  of  the  Ferment  Ptyalin. 

Exi'KRLMKNT  VI.  Place  a  few  cubic  centimetres  of  a  O-o  per  cent,  solu- 
tion of  starch  in  two  test  tubes,  a  and  //.  To  b  add  about  an  equal  amount 
of  saliva  and  place  both  in  the  water-lmth  heated  to  body  temperature. 
By  means  of  a  glass  rod  transfer  drops  from  each  solution  to  a  white 
slab  and  add  to  each  drop  a  little  iodine  solution.  In  the  case  of  the 
test  tube  b  the  blue  colour  becomes  at  first  purplish  and  then  reddish 
brown,  and  ultimately  disappears.  When  this  stage  has  been  reached 
apply  Trommer's  or  Fehling's  test  to  the  contents  of  the  tost  tube,  and 
note  that  reduction  occurs.  In  the  case  of  a  the  blue  colour  persists 
throughout  and  reduction  of  cupric  salts  does  not  occur. 

What  has  occurred  in  b  is  that  the  ptyalin  has  hydrolysed  the  poly- 
saccharide starch  (blue  with  iodine  and  no  reducing  power),  first  into  a 
simpler  polysaccharide  dextrin  (red  with  iodine,  no  reducing  power), 
and  then  into  the  disaccharide  maltose  (no  colour  with  iodine,  reduces 
ipric  salts).  If  left  in  contact  with  the  maltose  for  some  time  the 
ptyalin  can  invert  this,  yielding  dextroe.  There  are  really  two  forms 
of  dextrin  formed,  the  one  which  gives  the  iodine  reaction  described 
above  is  called  erythro-dextrin,  but  there  is  another  achroo-deztrin 
which  gives  no  reaction  with  iodine.  The  latter  exists  as  an  inter 
metliate  sUge  between  erythro-dextrin  and  maltose. 

K.KPKRiMENT  VII.     Place  some  of  0-5  per  cent,  anlntion  of  starch  in 

'  2tuH.,(C03).,  =  2CaU0, -i- 2C0.,  +  2H.,0 
(soliil.le)  (Insoluble) 
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the  mouth,  and  iifter  iihout  two  tniiintcH  tiHimfei  tl»i«  to  a  tent  tiihc. 
At«eit«iii  if  rtxluction  of  cupric  «alt«  wiiin*.  Kt'iH'at  this  ..x|HTimcnt 
with  a  grain  of  unboil.d  starch  atui  siute  the  differt'iic.'  in  )H)tl)  ijwch 
(see  Carbo-hydrates,  p.   If!"). 

Theptyalin  will  only  act  in  neutral  oriilkaliiie  reaction.  I>ut  not  in  the 

presence  of  free  acid. 

Exi'KRiMKNT  VIII.  If  experiment  VI.  he  repeat.il  with  the  a.hlitioii 
of  a  few  drops  of  0  2  per  cent,  hydroc-hloric  acid,  .ho  that  the  Huid  reacts 
acid  to  litmus,  it  will  be  notictnl  that  no  dextrine  is  pro«luced.  If  the 
mixture  be  heated  for  a  considerable  tinu-  a  trace  of  a  reducing  stigar 
may  apiKsur  liecause  of  the  hydrolysing  action  of  the  acid 

From  the  results  of  this  last  experiment  we  see.  therefore,  that  it 
will  be  im^wssible  for  the  action  of  the  ptyalin  t.)  proceed  in  the  acid 
gastric  contents.  If  the  stomach  U'  emirty  at  the  Iwginning  of  the 
meal  the  process  goes  on  for  about  half  an  hour,  as  the  first  portion  «)f 
acid  which  is  secreted  is  bound  to  proteid,  so  that  it  does  not  exercise 
its  inhibiting  influence  on  the  ptyalin  which  has  Iwen  swallowtnl. 

Only  a  small  percenUige  of  the  sUirch  taken  with  the  fwul,  however, 
is  changed  by  the  time  it  leaves  the  stomach,  and  it  would  ap|>ear  that 
ptyalin,  the  oidy  ferment  in  saliva,  is  of  very  little  im|)ortance 
for  the  digestion  of  starchy  foods,  the  main  seat  of  this  being  in  the 
duodenum  by  means  of  the  ami/lopinn  of  the  pancreatic  juice. 

The  actual  function  of  the  saliva  is  undoubtedly  a  mechanical  one, 
acting  as  a  solvent  for  certain  foods  and  assisting  in  the  mastication  and 
swallowing  of  others.  A  fKxly  must  be  in  solution  iHjfore  it  can  be 
tasted,  so  that  the  saliva  assists  in  the  appreciation  of  taste.  It  is  also 
necessary  for  articulation  and  for  preserving  the  sensitiveness  of  the 
nerve  endings  of  taste  and  common  sensation.  This  explains  why  a 
fever  patient  cannot  taste  things  so  well  as  during  health.  It  is 
interesting  to  note  that  in  some  animals  the  saliva  contains  little  or  no 
amylolytic  ferment. 


CHAPTEK  XII. 

DIGESTION   IX  THE  STOM.^CH. 

Thk  food,  after  being  masticated  in  the  mouth,  i.s  passed  down  the 
ocRophiigua  into  the  stomach,  where  it  is  collected,  and  remains  for  two 
or  three  hours,  meanwhile  being  acted  on  by  the  gastric  juice.  In 
order  that  each  particle  of  f(Kxl  may  be  efficiently  digested,  there  is  a 
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<-(>ii<4tarit  niovenient  of  the  miiMciilHr  wull  of  the  Rtomach,  whtTcby  'ts 
••ontents  arc  kept  in  motion  ;  and  when  thtw  have  been  sufficioiilly 
ilii^estetl,  they  are  collectoil  into  the  fiinnel-gha^M'd  pyloric  portion  of 
the  Htornach,  and  jwsHed  through  the  pyloric  Hphiiicter,  which  mean 
while  relaxeH  to  allow  of  their  pa«saj{»'  On  entering,'  the  Htoniach  the 
foot!  in  very  little  ehanged,  except  that  it  has  iieen  masticated.  On 
leaving  it,  however,  its  apiMiarance  is  (piite  altered,  lieing  now  a  thick, 
more  or  less  coloured  Hiiid  called  chyme. 

Various  methiMis  have  been  adopted  for  studying  gastiic  digestion 
'■</.  observing  the  process  through  a  gastric  fistula,  removing  samples 
of  the  gastric  contents  by  means  of  a  stomach  tulie,  etc. 

In  onler  to  obtain  pure  gastric  juice,  the  most  reliable  metho<l  is 
that  of  I'awlow,  which  consists  in  resetting  a  {wrtion  of  the  fundus  of 
the  stomach,  and  sewing  it  up  so  as  to  form  a  Iwig,  which  is  then 
sutured  to  an  abdominal  wound.  This  isolated  sac  of  stomach  secretes 
pure  gastric  juice  along  with  the  main  stomach,  and  the  juice  may 
be  collected  and  analysed. 

The  Composition  of  Oastric  Juice.  -I'ure  gastric  juice  obtaine<l  from 
the  sail-  in  Pawlow's  experiment  is  a  clear,  colourless  fluid,  with  a 
wjwcific  gravity  of  1003-1006,  and  of  an  acid  reaction. 

Its  percentage  composition  varies  in  different  animals,  that  of  the 
<Iog  and  of  man  being  as  follows : 

Water, 

(hyauir  malhr,  chiefly  pcpHin, 
luorijanir  matter — 

(o)  free  hydrochloric  iicid, O-'i-O-.S  0*3' 

('<)   chlorideH    ami    phoNplmtes    of    alkalicH  iind 

alkaline  earths, O'l  -0-2  O-BO 

The  most  important  features  to  be  considered  iti  connection  with 
this  table  arc :  (l)the  presence  of  free  hydrochloric  acid  and  (2)  the 
nature  of  the  organic  matter. 

The  Acidity  of  the  Ckwtric  Juice.— This  might  be  caused  either  by 
a  free  acid  or  by  an  acid  salt,  such  as  acid  sodium  phosphate  (NaH.^PoJ. 
We  can  decide  which  it  is  by  testing  with  Congo  red,  a  red  pigment 
which  is  turned  blue  by  a  free  acid,  but  is  unatfected  by  an  acid  salt. 

Exi'KKiMENT  I.  To  a  (t^  i)er  cent,  solution  of  HCl  add  a  few  diops 
of  a  solution  of  Congo  red.  The  red  colour  is  at  once  changed  to  l>lue. 
Repeat  with  a  solution  of  acid  potassium  phosphate.  This  turns 
blue  litmus  red,  but  a  solution  of  Congo  red  is  unaffected. 

The  lu-vlUi)  is.  th.:-forc  d>ie  to  u  free  iuid.  We  must  now  find  out 
if  this  acid  be  organic  or  inorganic. 

'  P«wlow  always  fouml  more  than  0-2  per  cent.  -  namely  ()-5-0-6  per  cent. 
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KXPK.IIIMKNT  II.  riiicc  a  tlr..i»  of  (;iin/.»M'rn'«  r.-ajjent  (a  >«.lutioii  of 
phloroglucin  am!  vanillin  in  u!»olut.-  alcohol)  on  an  ..vaiM.ratinn  »«mm. 
an.l  mix  with  it  a  tlrop  ..f  O'l  |ht  r.-nt.  hy.Irochlori.-  a.i.l.  Slowly 
eva|H)nitc  to  .Iryn.'ss.  A  (leq.  ie.1  sUin  is  left.  Kep^'t  th.«  i"X|HTi 
mcnf  with  a  OH  per  cent,  solnlion  of  lactic  aii<l.  N'-  n-<l  «l«">  '* 
olktainrd. 

Thi.s  ifaj{ent  reacts  to  niincral  aci.U.  hnt  not  to  organic  aci.U.  fven 
when  these  are  present  in  consiileraMe  amount.  The  mineral  aei.l 
with  which  it  reacts  most  sensitively  is  hy.lr.Khloric  aci«l.  an.l  since 
the  reaction  is  always  v.-ry  .listinct  in  pistric  juice,  we  are  Id  to 
expect  that  the  aci.Utj  is  .lue  to  this  aci.l.  That  this  h  actually  the 
case  has  been  prove<l  hy  estimating  on  the  one  haiul  the  total  am..unt 
of  hases,  an<l  on  the  other  the  total  amount  of  aci.ls  in  gastric  juice. 
It  was  foun.l  that  the  latter  were  much  in  excess  of  th.-  former, 
the  acid  radicle  present  Wing  chlorine,  which  nuist  exist  in  the 
ga.stric  juice  as  hydrochloric  acid. 

How  thiB  Free  Acid  i»  Secreted.  Th-re  is  iM'rha|»  nothing  more 
surprising  in  the  whole  of  physiological  chemistry  than  that  u  strong 
mineral  acid  should  he  secreted  from  a  distinctly  alkaline  fluid  such  as 
the  W.kmI  is.  The  sidts  from  which  it  is  pnHhued  are.  of  coui-se.  the 
chlorides  (especiallv  of  so<lium).  and  these  are  very  abundant  in  the 
blood,  which  also  contains  sodium  carbonate,  to  which  is  mainly  due  its 
alkaline  reaction.  How  then  is  the  hydrochU.ric  ai-id  liberated  from 
this  alkaline  fluid  (  Alth..ugh  alkaline  in  reaction  the  bl.HxI  neverthe- 
less contains  weak  acids,  either  as  acid  salts  (Nall.JH),)  or  as  carlM.nic 
acid.  Now  it  is  a  well  known  fact  in  physical  chemistry  that  any  acid, 
however  weak  its  acidity  may  be,  displaces  a  cerUiin  amount  of  any 
(,ther  acid  from  its  combinations,  and  this  displacement  iR'comcs  very 
distinct  if  the  weaker  acid  be  iti  large  excess  of  the  stronger.  This 
property  is  known  as  mass-influence,  and  in  virtue  of  it  even  the 
weakest  acid— '.f/.  ordinary  water-can  disi)lace  a  certidu  amount  of  the 
strongest  mineral  acids  from  their  combinations.' 

Since  very  little  carbonic  acid  is  in  simple  solution  in  the  h\mn\  it  is 
probable  that  it  is  the  acid  phosphates  which  furnish  the  weak  acid. 
They  do  this  by  giving  off"  a  portion  of  their  hydrogen,  the  place  of  this 
being  then  taken  by  the  free  alkali  liberate<l  from  the  chloride. 

NaH.,PO,  1-  Na("l  =  Xu.,HPO,  +  Ht"l. 
So  far,  then,  the  reaction  is  a  merely  chemical  one,  but  now  we  must 
discover  what  agency  it  i.  which  causes  this  free  acid  to  be  .secrete<l 
into  the  stomach.  If  a  pouch  l)e  matie  of  the  cardiac  end  ol  the 
1  Tbng  if  a  solution  of  bisn.nth  nitrate  l.e  <lilute.i  with  a  large  excew  of  water  a 
white  precipitate  of  bismuth  oxido  falls  out. 
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Mtomuch,  hikI  iiriothcr  of  the  pyloric  eiui,  by  Pawlow's  iiicth<Hl,  it 
will  1h'  ioiiiul  that  thf  Heciftion  «.f  tht-  fornuT  alone  eotiUiiix  the  liw 
hv'h\.  If  now  the  miicouH  nicinhrane  fnini  thew  two  rcjjioni*  of  the 
Htoiiiuih  Im-  examined  niicroMcopically  it  will  !«•  found  that  jilandK 

of  thf  cardiac  (lortion  contain  liesidex  the  ordinary  ncrietinK  <*'"''• 
which  arc  similar  to  thoHC  of  the  pyloric  fx.rtion  large  round  ccIIh.  To 
them;  celU.  then,  prolxibly  ttelon^H  this  acid  hci  reting  power,  i.i:  they 
can  take  up  the  acid  and  tninxfer  it  to  the  lumen  of  the  gland.' 

If  ill)  animal  he  fed  on  liromides  inistead  of  chloridex,  hydrohromic 
takes  the  place  of  hy«lrochlorit  acid. 

The  Ums  of  the  Free  Acid  an  Two:  ( 1 )  It  is  necessary  for  the  efficient 
mtion  of  jH'psin.  and  (J)  it  acts  as  an  antiseptic,  preventing  fermenta- 
tion in  the  8toma<h,  which  woidd  otherwise  certainly  (K-eur,  sim  ■  a 
<-onsiderahle  nural>cr  of  micro-organisms  are  present  in  oui'  fofs I  stuffs, 
and  nothing  could  he  more  favourable  for  their  growth  than  the  semi- 
fluitl  contents  of  half-digested  foo<l  kept  at  bmly  temi»erature.  A 
certain  form  of  dysjH-psia  is  due  U>  deficiency  of  hydrochloric  acid  in 
the  gastric  secreti  n.  If  the  reaction  of  the  gastric  contents  in  such  a 
case  be  tested,  however,  it  is  found  to  be  strongly  acid,  and  if  the 
amount  of  this  acidity  Ije  determined  (see  Advanc*-*!  Coiuse,  p.  44.'»)  it 
may  Im;  found  to  lie  greater  than  that  of  healthy  gastric  j\iice.  By 
applying  appropriate  tests  the  cause  of  the  acidity  is  foimd  to  be  chiefly 
due  to  lactic  acid.  This  is  develojw*!  }>y  the  growth  of  certain  micro- 
oiganisms  (bacillus  lactis)  on  wirlKihyd rates  (see  Milk,  p.  IHH).  This 
lactic  acid  may  be  further  decom|)08e<l,  giving  rise  to  butvric  acid. 

(1)  CV.H,,0„  +  H.O  .  4C.,H„(>, 

[jictiwf.  Liictio  acid. 

( 2)  4C,,H,(|,  =  2C",H,(),  +  4CO ,  +  4 H,, 

Luetic  iwiil.         ISutyi'ic  m-id. 

Hy  e.vamining  the  equations  it  will  be  noticed  that  gas  (CO.,)  is 
evolve<l  during  the  transformation  of  lactic  into  butvric  acid.  The 
acctimulation  of  this  in  the  stomach  leads  to  'Jtatulenre.' 

The  presence  of  lactic  acid  in  these  cases  can  be  detected  by  employ- 
ing Uffelniann's  reaction  (see  Milk,  p.  ISS). 

The  Organic  Matter.— If  pure  gastric  juice,  obtained  by  Pawlow's 
mcthfKl,  lie  cooled  to  0°  V.  a  precipitate  falls  down.  On  analysis  this  is 
found  to  have  nmrly  t  lu' same  percentage  composition  as  proteid,  and  on 
testing   its  action  on  a  solution  of  proteid  it  is  found  to  Jx'  'peps,,. 

'•  .AS  to  liic  exact  rd/e  which  these  •  oxyntiu  '  cells  play  in  this  iiier    uiism  theiri 
is   coiisi.lerahU'   .iiftereiice    of   opinion.      Some   state    that    the   abo\  .mentioned 
chemical  ivaitioii  titkex  place  in  their  iMxlies,  others  that  they  sinipiv  '        =*• 
'H'  inns,  wliich  then  i.art  with  the  chlorides  in  the  stomach  itself. 
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No'irly  |mr»'  ' fiffixm '  i-au  n\m>  W  jirfimnHl  l>y  i««lun»tinj{  jjuHtrii  jiiiti' 
with  unimuniiiin  «ul|»hat«',  which  preiipitatfi*  it.  Whether  tho  .tituul 
I't'rnHMit  ix'iwiii  i«  what  we  ohtairi  by  thene  iiu'th<«U,  or  whi-ther  it  is 
!*im|»ly  protfiii  with  the  fV'niifiit  aflherciit  tn  it,  rammt  ai  yi-t  Ik? 
«..    ■  M. 

TN  Action  of  tho  OMtric  Joico  To  Htiiily  this  we  ciniiloy  an 
artiiicu'.  ^jwtrif  juice  prep:»retl  )iy  nittceratin^  th«'  iniuopui  of  the  ^4tonlal'h 
lor  several  ilayi*  with  twenty  titnen  its  weij^ht  of  ^'lyceriiie  toiitaiiiinn 
Oi-0-2  |»er  cent,  hydrmhloric  aei<i.  The  acid  changei*  the  iH-pHiiioneii  (the 
mother  (tiibstance  oi  '.i/ukkji-h  of  pt'iwin)  preHent  in  the  ghmd  celU  into 
|K'|win,  and  thin  then  diHsolvei*  in  the  glycerine. 

We  may  employ  any  proteid  for  the  investigation,  the  most  mu- 
venient  one  h.-ing  Klood  fibrin,  which  has  l)eeii  very  thoroughly  washml 
with  Imiling  acidulatctl  water  so  a»  to  remove  all  impurities. 

Exi'KKlMKNT  III.  I^lnd  si.x  test  tubes  ./,  li,  (',  />,  A',  t\  ami  jil.ice  u 
piece  of  fibrin  in  each.  Half  fill  A  with  water,  H  with  O'J  per 
cent.  IICI,  C  with  water  and  a  few  drops  of  the  jicptic  e.xtract,  P  with 
0-:!  per  cent.  HCl  and  a  few  ilroiw  «if  i>eptic  extract,  A'  «»me  as  />  but 
lK)il  the  mixture,  ami  /'  with  1  per  cent,  sodium  curb<»nate  and  a  few- 
drops  of  the  peptic  extract. 

Place  all  these  in  a  water-lxuh  kept  constantly  at  ImkIv  tem|»erature 
(40  C).i  Observe  (I)  that  in  J  the  piece  of  fibrin  remains  unchanged, 
whereas  in  B,  V,  I'  and  A',  which  all  contain  0-J  j»er  cent.  HCl,  it  U'cimies 
swollen  and  transparent.  In  /',  which  contains  alkalie,  it  does  not 
swell. 

Exi'KKlMKNT  IV.  After  alK)ut  half  an  hour,  remove  a  sjimple  of  the 
contents  of  any  of  the  tuW'S  containing  acid,  colour  it  with  some  litniu,s 
and  then  carefully  neutralise  with  weak  sodium  carlnmate  solution  (1 
|>art  1  per  cent.  Na.,C().,T  2  jwrts  water).  A  precipitate  of  acid  albtunen 
or  syntonin  is  produced  (for  reactions  see  proteids,  p.  177). 

The  tirxt  xUige  in  gastric  digestion  of  protei<ls  consists,  therefore,  in 
the  prwluction  of  acid  albumen  by  the  -2  jier  cent.  Ht'l.  As  we  shall 
see  later,  this  preliminary  change  is  necessary  before  pepsin  can  further 
hydroU>e  the  proteid. 

Exi'KKlMKNT  V.  {•!)  Keniove  a  siimple  of  the  contents  of  D  and 
apply  the  f<illowing  t«8t8  :—((()  The  Biuret  reaction—rose  pink  colour, 
{b)  Add  UNO  (con.) — white  precipitate,  which  clears  up  on  litating  and 
returns  on  cooling.  These  two  results  show  us  that  proteoses  have 
iKsen  pix» 'need. 

'Thist  approximately  Uetemiitieil  liy  dipping  a  finger  intu  the  water  ;  if 

th'  watci  .t  the  same  temi«-iature  as  the  skin  it  will  fuel  neithir  cold  nor  hot. 
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This  constitutes  the  woWs/a//^'  of  peptic  digestion,  audit  is  the  pepsin 
w  hich  produces  the  change.  If  samples  of  any  of  the  other  test  tubes 
be  examined  no  proteose  will  be  found,  either  because  no  pepsin  has 
been  present  (as  in  A  and  li),  or  because,  though  present,  its  action  has 
been  destroyed  by  heat  (as  in  £),  or  there  has  been  no  acid  present  to 
produce  sj'ntonin  and  help  its  action  (as  in  C  ami  F). 

There  are  two  principal  varieties  of  proteoses  developed,  namely 
'  primary '  and  '  secondary ' ;  the  former  are  precipitated  by  saturation 
with  sodium  chloride,  the  latter  are  not  (see  Advanced  Course). 

Exi'KUiMENT  VI.  (3)  Take  a  sample  of  a  digest  of  two  days' 
duration.  Heat  this  to  near  boiling  point,  and  add  ammonium 
sulphate  cry.stals  till  no  more  will  dissolve.  Now  change  the  reaction 
of  the  fluid  to  alkaline  and  allow  to  cool.'  Now  filter  and  test  the  fil- 
trate for  Peptone. 

1.  By  Biuret  reaction — (remember  to  add  a  large  excess  of  caustic 
alkalie,  so  that  more  than  is  sufiicient  to  decompose  the  Am.,So^  may  be 
present  in  the  fluid)     rose-pink. 

2.  By  nitric  acid  test— no  precipitate.  This  constitutes  the  Jimtl 
ataffc  in  the  peptic  digestion  of  proteids.  There  are  two  \'arieties  of 
peptone  developed,  aiiti-  and  hemi  peptone.  These  differ  from  one 
another  in  that  the  proteolytic  enzyenie  of  the  pancreatic  juice  can 
further  decompose  the  h'-ini-,  whereas  the  ttw/i-peptone  cannot  be  further 
hydrolysed. 

The  various  stages  ciui  therefore  be  tabulated  as  follows  : 
(1)  N.^rivE  Pkotkiii, 


a  V 
.2  M 


S  = 


.11 


(•2)  Acid  Albi'minate, 

(3)    PROTK(tSK, 

or  pro-peptone, 
Primary, 
Seconilary, 


c<iagulate<l  by  heat. 


precipitated  by  neutralisa- 
tion, 

precipitated  by  HNO^,. 

clearing  up  on  heating, 
etc., 
precipitated  by  saturation 

with  Nat'i, 


Kiuret  test 
=  violet. 

Alcohol 

=  coagulates. 

Biuret  test 
=  pink. 

Alcohol 

=  precipitate. 


(4)  Pkptonk— 

Anti — unacted  on  by  trypsin. 
Hemi  —acted  on  by  trypsin. 
Besides   pepsin,   the  gastric  juice  also  contains  the  milk   curdling 

'  It  in  only  by  tiius  saturating  in  tlie  heat,  both  in  acid  and  alkaline  reaction,  that 
all  traces  of  secondary  albumoses  are  precipitated. 
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ferment  nmiin.  It  will  be  remembered  that  caseiiiogon  ia  precipiuted 
by  weak  acids ;  it  might  be  naturally  supposed,  therefore,  that  the  cunl 
which  forms  when  milk  enters  the  stomach  was  due  to  precipitation  by 
acid,  and  not  to  coagulation  by  the  ferment.  That  it  is  the  rennin 
which  acts,  however,  is  proved  by  neutralising  the  gastric  juice  before 
adding  the  milk,  when  curdling  will  occur  as  usual,  or  by  treating  some 
of  the  curfl  with  weak  alkali  in  which  it  will  not  dissolve,  whereas  a 
precipitate  of  caseinogen  would  dissolve  with  ease. 

The  gastric  juice  scarcely  affects  other  food-stutfs.  In  the  case  of 
fat,  however,  it  dissolves  the  proteid  envelope  of  the  fut  cell,  and 
liberates  the  contents,  which  now  float  in  the  chyme  as  oil  globules.  It 
inverts  diaaccharides,  but  has  no  action  on  polysixccharidcB. 

The  conditions  which  influence  the  activity  of  gastric  digestion  are 
discussed  in  the  Advanced  Course. 


CHAPTER  XIII. 


DKiESTION  IN  THE  INTESTINE. 

In  about  twenty  minutes  to  half  an  hour  after  the  fwxl  enters  the 
stomach,  small  portions  of  it  begin  to  pass  through  the  pyloric  sphincter 
into  the  duodenum.  These  have  undergone  gastric  digestion  and 
constitute  chyme.  This  leakage  goes  on  till  the  stomach  has  completely 
emptied  itself,  the  length  of  time  necessary  for  this  (3-10  hours)  varying 
with  the  (juantity  and  quality  of  the  food,  and  with  the  activity  of  the 
gastric  juice. 

The  chyme,  as  it  leaves  the  stomach,  is  strongly  acid  in  reaction,  of  a 
dirty  yellow  colour,  with  no  characteristic  smell,  and  has  floating  in  it 
unemulsified  globules  of  oil.  In  the  duodenum  it  becomes  mixed  with 
the  secretions  of  the  pancreas  and  liver,  which  are  poured  into  that 
portion  of  the  intestine  by  one  common  diict,  and  as  it  travels  on  to 
the  jejunum  it  also  becomes  gnidually  mixed  with  the  intestinal  juice, 
secreted  from  Lieberkiihn's  follicles.  These  three  secretions  are  alkaline 
in  reaction,  in  consetiuence  of  which  the  acid  of  the  chyme  is  neutralised, 
80  that  the  contents  of  the  lower  portion  of  the  duodeniim  and  of  the 
upper  portion  of  the  jejuiuim  become  alkaline  in  reaction.  Now, 
although  the  acidity  of  the  gastric  juice  premils  the  growth  of 
organisms  in  it,  it  does  not  kill  their  spores,  and  these  are  carried  into 
the  intestine  along  with  the  chyme.  When  this  latter  Incomes  alkaline, 
however,  the  conditions  are  very  favourable  for  bacterial  growth,  and 


226 


PRACTICAL  PHYSIOLOGY 


the  spores  become  traiisformeil  into  the  active  organisms  which  multiply 
quickly,  meanwhile  receiving  their  nourishment  from  the  half-digested 
food  stuffs,  which  become  partially  decomposed  as  a  con8e.|uence. 
Among  these  bacterial  effete  products  are  several  organic  acids,  so 
that  the  fowl,  before  it  has  gone  far  along  the  intestine,  again  becomes 
acid  in  reaction.  The  mucosa  of  the  large  intestine  does  not  secrete 
any  digestive  juices,  its  sole  function  being  one  of  absorption.  In  its 
l«88age  along  it  the  fluid  of  the  intestinal  contents  becomes  gradually 
absorbed,  and  the  unabsorbed  residue  forms  the  faeces. 

It  will  be  seen,  therefore,  that  there  are /oar  dlMinct  di,,f  stive  u,,encm 
at  work  in  the  intestine,  and  we  will  now  study  the  action  of  each  of 
these  separately. 

The  Pancreatic  3xdw.-Compo.ntim— This,  can  be  collected  by  pro- 
ducing a  fistula  of  the  pancreatic  duct.  The  juice  is  strongly  alkaline 
in  reaction,  gives  a  coagulum  of  proteid  on  boiling,  and  conUiins,  besides 
this,  a  considerable  amount  of  organic  matter. 

Its  percentage  composition  varies  very  much  with  the  method  adopted 


for  collecting  it,  that  obtained  imn 
the  fistula  being  very  much  nV\^ 
days  later. 


■ately  after  the  estoblishment  of 
■olids  than  that  secreted  a  few 


Water 

Total  solida 
Organic 
Inorganic 


llrectly  after 
operation. 

90-08 

9SC2 

9-04 

0-88 


Permanent  Hatula. 
97  tW 
2 -.32 
1-64 
0-68 


In  Studying  its  digestive  action  we  employ,  as  in  the  case  of  gastric 
digestion,  an  extract  of  the  gland.  This  extract  may  be  made  with 
glycenne,  after  treating  the  minced  gland  with  weak  acid,  or  allowing 
it  to  stand  some  time,  so  as  to  convert  the  zymogens  into  the  active 
ferments.  Glycerine  does  not  extract  all  the  ferments,  however,  so 
teat  It  is  more  usual  to  employ  the  minced  gland  itself,  or  a  watery 
extract  of  it.  ^ 

The  result  of  the  inveetigations  has  shown  that  there  are  four 
active  ferments,  one  proteolytic-trypsin  ;  one  amylolytic-amylopsin  • 
one  steatolytic-steapsin;  and  one  coagulative -a  milk  curdling 
ferment.  ^ 

I.  TiypBin.-Like  pepsin  this  hydrolyses  proteid,  and  leads  to  the 
production  of  proteoses  and  peptones.  In  this  case,  however,  digestion 
does  not  stop  here,  but  the  hemipeptone  is  further  hydrolysed,  amido 
acids  and  hexo...  bases  resulting;  the  decomposition  products  are,  in 
tact,  almost  the  same  as  when  a  strong  acid  is  used  as  the  hydrolvsing 
agency  (see  Proteids,  p.  177).  j       .      b 


ELKMENTARY    PHYSIOIXXUCAL  CHEMISTRY  ^27 

Exi'KRlMENT  I.  A  solution  of  pancreatic  extract  in  1  per  icnt. 
stKlium  ciirlwnate  solution  i«  prepured  (Li<|.  rancreatious,  Benger. 
.liluteil  30  times  with  1  per  cent,  sodium  Ciirl)onate  solution).  In  onlcr 
to  study  the  action  of  this  on  proteids,  add  to  it  a  piece  of  tihrin  which 
has  been  soaked  over  night  in  1  jier  cent,  sodium  carbonate  solution, 
ami  p'-f^e  on  a  water-bath  at  IkkI.v  tempenitiire. 

The  following  jwints  of  difference  may  be  noted  between  this  and 
the  peptic  digestion  of  fibrin :  (1)  The  reaction  is  alkaline:  (2)  There 
is  no  preliminary  swelling  of  the  fibrin,  it  is  gradually  eaten  away 
(erosion) ;  (3)  When  the  piece  of  fibrin  has  nearly  disappeared  remove  a 
sample  of  the  digest,  and  neutralise  with  weak  acetic  acid.  A  pre- 
cipitate of  alkali  albumin  results  (for  Keactions,  see  p.  177). 

Apply  to  another  sample  the  tests  for  proteoses  and  peptones,  and 
note  that  they  are  positive.' 

K.XPEKfMENT  II.  If  the  pancreatic  extract  in  Experiment  I.  l>e 
boiled  l)efore  the  fibrin  is  added,  no  digestion  v.ill  result.  The  digestive 
agency  is,  therefoie,  a  ferment  which  is  de8troye<l  by  heat. 

K.XHKRIMKNT  III.     Repeat  Experiment  I.,  making  the  reaction  acid 
by  hydrochloric  acid.     Note  that,  although  the  fibrin  Incomes  swollen 
up    as  this  depends  on  the  acid,  not  on  the  ferment     no  formation  of 
proteoses  or  peptone  occurs.     The  trypsin  cannot  act  in  acid  medium. 
(4)  Trypsin  can  carry  digestion  a  stage  further  than  can  pepsin. 
ExPKRi.MENT  IV.     A  minced  pancreas  was  macerate*!  with  1   per 
cent,  sodium  carbonate  solution,  and  to  the  resulting  preparation  the 
whites  of  several  eggs  were  added.     The  mixture  was  then  tlivided  into 
two  parts,  to  one  of  which  a  few  crystals  of  the  antiseptic  thymol  were 
added.     Both  were  phiced  in  the  incubator  for  several  days.''     After 
this  time  it  will  be  noticed  that  the  portion  to  which  no  thymol  was 
added  has  a  very  faeculent  odoui-,  a.d  that  this  is  abscr.t  from  the 
other  portion.     The  odour  is  due  to  bacterial  growth,  the  effete  pro- 
<luct8  of  this  on  proteids  belonging  to  the  aromatic  series  of  organic 
compounds  (phenol,  kresol,  indol  and  skatol,  see  p.  236). 

The  portion  containing  thymol  im  boiled  and  filtere<l,  and  the 
filtrate  then  cvaporate<l  to  small  bulk.  A  simple  of  the  resulting 
syrup  is  placed  in  a  watch-glass,  and  allowed  to  stand  exposed  to  the 
air  for  a  day  or  so.  Then  examine  a  drop  on  a  microscopic  slide, 
and  note  the  crystals  of  Leucin  and  Tyrosin. 

Leacin  and  Tyrosin.-  During  digestion  of  hemi  peptone  by  trypsin  a 
luimber  of  amido  acids  are  produced,  of  which  leucin  and  tyrosin  are 

•  There  is,  however,  iw  frrimnry       ■.*4'o.He  fnnn^l  by  tryvti.'  .Uif-tion  :  there  Ih. 
however,  a  considerable  amount  of  ■«  nwlary  proteose  (see  p.  447). 
-These  digestg  are  prepared  beforehand  by  the  dcnionotrator. 
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examples.     An  amido  ac.d  is  derived  from  an  mffmic  acid  (containing 
therefore  the  -  COOH  group)  by  the  r.bstitution  of  one  of  the  hydrogen 
atoms  of  a  methyl  (CH3)  group  by  the  amido  group  (NH  ). 
Thus  acetic  acid  has  the  formula  CHaCOOH.  ' 

If  now  we  displace  one  of  the  'H's'  of  iheCH,  group  by  NH,  we 
**^'"  PH  ,^NH., 

which  is  amido  acetic  acid,  also  called  yhjnn  or  ^IffroroIU  It  is  formed 
during  the  digestion  of  gelatine,  but  not  of  native  proteids.  It  also 
exists  in  the  bile,  where  it  enters  into  the  formation  of  one  of  the  bile 
salts  (e.ff.  glycocholate  of  soda  is  glycin  +  cholalic  acid.  It  likewise 
occurs  in  combination  with  benzoic  acid  as  hippuric  acid  in  the  urine  of 
herbivorous  animals,  and  in  traces  in  the  urine  of  man 

acid  CHaCH.COOH,  we  obtain  amido  propionic  acid,  or  alauin, 

CH3CH<NH.^ 

In  the  free  state  it  is  only  produced  from  a  few  proteids,  and  is 
unimportant,  but  it  is  frequently  combined  with  oxyphenyl,  the 
resulting  compound  lx,ing  tyrosin.     Oxyphenvl  has  the  formula 

^CHCK 
CH         CH 

CH         CH 

^ch/ 

and  if  the  H  atom  opposite  to  the  OH  group  be  replaced  by  amido 
prop.^mc  acid,  we  obtain  paraoxyphenylamido  propionic  acid,  whio. 


^CHOs 


CH 


CH 


CH         CH 

^c/ 

cll,-CH<NH^^ 

.ctil!''"Tr'**r'"''"^  u    '^'  ^*"y  *"''''  »  .lemonatnited  by  the  following  re- 
action.     If  acetic  ac.d  be  treated  with  b..„.i„e  ga.,  brom-iu..etic  acid  U  foTmfd 

If  now  we  treat  this  with  .nimonia  we  get  :- 


Urom-acutic  acid 


Olyclu. 
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It  therefore  belongs  to  the  aromatic  group  of  organie  iKxlit-s,  uikI  it 
will  be  rememl)ered  that  it  is  on  account  of  its  containing  oxyphenyl 
that  it  reacte  red  with  Millon's  reagent  (see  Proteids,  p.  172). 

EXJ'KRIMENT  VI.  Add  Millon's  reagent  to  some  pancreatic  digest ; 
u  white  coaguluni  of  proteids  results.  Filter.  Boil  the  filtrate.  It 
turns  red,  In-cause  it  contains  tyrosin. 


Fio.  14s.— Cr)'8t«l»  "f  leiicin  and  tyroBln. 

Experiment  VII.  Examine  the  crystals  of  tyrosin  under  the  micro- 
.scope,  and  note  that  they  consist  of  tine  needles  grouH  into  sUr- 
shaped  masses  (Fig.  148). 

There  are  no  other  important  amido  acids  till  we  come  to  the 
member  of  the  series  which  crntains  six  carbon  atoms.  This  is  amido 
caproic  acid  or  leucin.' 

CH,  -  C'A,  -  CHo  -  CH.,  -  CH  .g^5jj 

•  It  has  recently  lieen  shown,  however,  that  the  true  constitution  of  leucin  is 
rather  a  ainiilo  j«>hnty!acetic  acid 

J;M»>ch-ch,^ch<?«5h. 
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Kxj'ERiMKNT  VIII.  Examine  the  crystals  of  leucin  under  the  niicr..- 
8C..pe,  and  n„te  that  they  consist  «,f  rr,und  balls  not  nnlike  oil  globules, 
fHit  having  concentrit  markings  (Fig.  148). 

Leucin  and  tyrosin  were  among  the  first  discovered  decomposition 
pr(Kluct8  of  proteuls,  and,  on  account  of  the  ease  with  which  thev  are 
.solatec,  they  have  heer  detected  in  nearly  every  organ  and  tissue  of 
the   Kxly,  being  proba'.y  pro<luced,  however,  by  the  chemical  agencies 

2^^  Tu'  "T'"'"*-'  '^''''  ""^  ""*  ^'''«'"'«  "«  «"^»'  "'  the  living 
ussue  They  also  ,K.cur,  along  with  free  ammonia,  i„  the  urine  of 
patients  suffering  from  severe  disease  of  the  liver. 

N..t  only  are  ami.lo  derivatives  of  mono-l«sic  aciMs  produced  durin.^ 
proteid  decomiK,s,tion,  but  we  may  also  have  similar  .lm,.fire.  of  ,ll 

tr.";        .     T   "\  '^^   """P''-'^'   «*■  '^''^   '""««•  ■•«    -^^^inie  acid, 
which  has  the  formula 

CH,  -  COOH. 


If  now  we  re|)laie  an 
(NH.,)  we  obtiiin 


CH.,-COOH. 
'  H '  of  a  methyl  radicle  by  the  amiuo  group 


NH,. 
"  COOH 


CH 

I 
CH,-COOH 

which  is  aapartic  acid.     Besides  being  produced  in  the  intestine  bv  the 
action  of  trypsu.  on  proteid,  it  also  occurs  plentifully  in  plants.     ' 

If  one  of  the  '  H '  atoms  of  the  other  methyl  group  of  this  be  replaccl 
l.>    CH„    we   obtain   another  important    di-basic    amido    acid,    viz 
glutamuuc  acid  and  this  is  also  a  common  decomposition  product.       ' 

All  these  amido  acids  retain  to  a  certain  extent  their  acid  properties. 
Thus  they  can  combine  with  bases  to  form  salts.  On  the  other  haiul 
on  account  of  the  XH,  group  which  they  contain,  they  also  show  faint 
basic  properties,  m  that  they  can  unite  with  acids,  forming  weak  salts. 
Most  of  them  can  also  unite  with  salts,  forming  double  compounds,  and 
these  are  very  useful  m  preparing  the  pure  amido  acid. 

Besides  these  mon-amido  acids,  there  are  also  produceil  bodies  in 
which  more  than  one  amido  group  exists.     These  have  a  distinctly 

frric'""  Th"'  T     r^^r  ""''^  "^'^  '^^'''«'  «»«=h  -  Phosphorwof- 
framic-     They  also  form  double  salts  with  silver  nitrate      These  two 

reactions  are  taken  advantage  of  in  separating  these  bases  from  the 
mon-amido  acids.     Since  all  these  bases  contain  six  carbon  atoms,  they 

'Acid8  are  mono-  or  di-bwic  according  to  whether  thev  nontain  one  or  t*-o 
.eplaoeable  OH  (hydroxyl,  group,  belonging  to  .  COOH  (carboxy.)  groT^:  ' 

This  complex  acid  has  the  formula  P,0,a:\VO,j,H.,0.  '     »      »" 
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.re  called  li«one  ba.«.  an.l  the  m«.t  important  are  lysin  (.Mo 
caproic     acid,     C,H,.(NH),COOH).     argin.n     (t,H„N,n,),     ly^at.n 

(C  n,.,N,0..)'  a™'  histidiii  (CrtH^NA)-  i.  •     lu 

These  hexoue  base«  are  the  only  aecomp..«ition  procluet.  ..b  a.nahle 
from  proumines  (Kossels  first  group);  if  amidc^acuU  be  aU..  pro- 
duced we  have  the  albuminoids  (second  group);  if  aromatic  bodies- 
tvro«in_be  also  produced,  we  have  true  proteids  (th-1  gn>up  ; 
and  if  either  of  these  three  groups  be  in  combination  with  othe. 
bodies,  such  as  nuclein  or  carbohydrate,  we  have  the  compound  pro- 
teids (fourth  group).     (See  also  Proteids.) 

II  Ajnylop8in.-This  acts  on  starch  in  exactly  the  «inir,  waj  an 
ptyaiin  does-i...  it  converts  it  into  maltose.  It  differs  from  the 
Olivary  ferment,  however,  in  that  it  can  also  digest  cellulose,'  so  that 
it  is  capable  of  acting  on  unboiled  starch. 

EXPERIMKNT  IX.  Place  some  ix>wdered  starch  m  a  test-tube,  and 
add'some  glycerine  extract  of  pancreas.  Shake  up,  and  place  in  the 
water-bath  at  body  temperature.  Remove  drops  by  a  glass  nxi  every 
half  minute,  and  mix  on  a  slab  with  a  drop  of  lodme  solution.  No  e 
the  appearance  of  the  dextrine  reaction.  When  this  disappears  apply 
Trommer's  test  to  a  sample  of  the  digest ;  note  the  reduction  duo  to 

""  nT8teap8in.-Thi8  decomposes  neutral  fat   into  fatty  acid  and 

glycerin.     (See  Fats,  p.  180.)  _ 

Jjernonstrntim.  Two  e.,ual  portions  of  minced  pa«cre;is-  have  been 
shaken  with  water,  and  to  each  an  equal  .piantity  of  butter  has  been 
added  They  were  then  coloured  red  by  adding  a  few  drops  of  an 
alcoholic  solution  of  phenolphtalein,  and  a  drop  or  two  of  weak  alkali. 
One  of  the  portions  was  boiled  to  destroy  the  ferment.  lioth  were  then 
place.1  in  the  incubator  over  night.  Note  that  the  portion  conUumng 
the  active  ferment  has  been  decolourise<l  by  fatty  acid  having  been 

'^^TlIe'Hberat^  fatty  acid  combines  with  the  free  alkali  of  the  paii- 
creatic  juice  and  bile  to  form  a  soap,  and  it  is  in  this  form  that  the 
fatty  acid  is  absorbed  into  the  epithelial  cells  of  the  villi,  in  which  it  is 
again  set  free,  and  recombines  with  glycerin  to  f..rm  neutral  fat. 

IV  Milk  Curdling  rement.-Extracts  of  pancreas  cause  mi  k  to 
clot;' but,  m  normal  digestion,  since  the  rennin  of  the  stomach  has 
alrea^ly  produced  this,  it  can  hardly  ever  come  into  play. 

•This   aigestion  of  cellulose   is,    however,    probably   carried    out    chiefly  by 

^"^Glyc^rin  does  not  dissolve  .teapsin,  so  that  a  glycerin  exl.aot  of  pancrcu»  is 
not  suitable  for  this  experiment. 
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CHAPTEK  XIV. 
THK  BILE.     BACTERIAL  DKJESTION. 
Thks  is  perhniM  the  most  puzzling  secretion  in  the  whole  of  physioloKical 
chemistry.     Its  .ligestivo  action  is  very  slight,  so  that  it  would  ain.ost 
appear,  at  first  sight,  to  l>e  an  excretion  of  effete  products  rather  than  a 
useful  secretion.     Against  such  an  i.lea,  however,  stands  the  fact  that 
U  IS  ,K,ured  into  the  beginning  of  the  intestinal  tract,  and  not  into  the 
end  of  It,  as  we  would  expect  were  it  an  excretion.     Further,  many  of 
Its  constituents  are  reabsorbed  into  the  portal  blood  and  carried  Jmck 
to  the  liver,  to  be  re-excreted  in  the  bile.     In  other  words,  there  exists 
a  circulation  of  certain  biliary  constituents  from  the  liver  to  intestine 
by  the  bile,  and  from  intestine  back  to  liver  by  the  portal  blood.     It  is 
obvious,  therefore,  that  bile  collected  from  a  biliary  fistula  (produce.1 
by  attaching  the  central  end  of  the  bile  duct  to  a  wound  in   the 
abdominal  wall)  will  contain  less  solids  than  the  bile  obtained  after 
•leath  from  the  gall  bladder. 

Composition  of  Human  Bae.-In  /.  the  bile  was  obtained  from  the 
gall  bladder  of  persons  who  had  been  accidentally  killed,  but  were 
otherwise  healthy;  in  //.  the  bile  was  obtained  from  a  fistula 


\yaler,     .... 
Sofidn,      .... 

Viz.  organic  salts, 

Mucin  and  bile  pigment, 

Cliolesterin, 

Lecithin  and  fat. 

Inorganic  salts,    - 


100  parts  contain— 


86 
14 

9 

3 

0-2 

0-5- 

0-8 


II. 

97 
3 

0-9-1  8 
05 

006-016 
002-009 
0-7-0-8 


The  daily  secretion  amounts  to  about  750  c.c.  To  .study  the  chemistry 
of  bile  we  employ  that  of  the  ox  since  this  is  easily  procurable. 

K.XPKRIMENT  I.  Examine  some  ox  bile.  Note  that  it  has  a 
green  colour,  a  peculiar  musk-like  o<lour.  a  bitter-sweet  taste,  a  faint 
alkaline  reaction  to  litmus  paper,  and  that  it  is  of  a  slimy  con- 
sistence. 

E.XPERIMEVT  II.  If  a  few  drops  of  a  weak  acetic  acid  be  added  to  a 
few  cubic  centimetres  of  bile,  a  stringy  precipitate  is  produced.  This 
consists  m  some  animals  (ox)  of  nucleoproteid,  in  others  (man)  of 
munn.  Filt<?r  off  this  precipitate,  and  note  that  the  filtrate  has  lost  its 
shmy  chaiacter.  Boil  the  filtrate  :  no  coagulum  is  produced,  therefore 
bile  contains  no  native  proteid. 
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Exi'KRIMKNT  III.  Test  another  |K)rtioii  of  the  InU-  for  >>ilf  saltw  »>v 
Pettwikofer's  reaction.  To  «lo  thi«  place  a  .Irop  of  hilo  in  a  nucule 
and  move  this  about  so  that  a  thin  film  i«  imxluctMl.  Now  add  to  the 
film  a  ilrop  of  a  concentrate*!  watery  solution  of  cane  «igar,  and  then  a 
,lrop  of  concentrated  sulphuric  acid.  A  purple  colour  is  pr.Kluml. 
This  pigment  shows  alworption  bands  in  the  s|)e(truni.  The 
chemistry  of  this  reaction  is  that  the  sulphuric  acid  acts  on  the 
cane  sugar  to  produce  a  iKnly  called  furfuraldehyde.  which  then 
reacts  with  the  cholalic  acid  of  the  bile  -.Us  to  pr.Kluce  the 
pigment.  Where  oidv  traces  of  bile  sidts  are  prcent,  the  test  may  be 
made  more  delicate  by  using  a  solution  of  furfuraldehyde  (1  in  l<iOO) 
instead  of  cane  sugar. 

EXPKRIMENT  IV.  Matthew  Haya  Solphur  Test.  If  some  Hour  of 
sulphur  be  sprinkled  on  the  surface  of  bile,  or  of  a  solution  coiiUiinmg 
bile  salts,  it  will  sink  to  the  bottom  of  the  vessel,  whereas  with  most 
other  fluids  it  remains  floating  on  the  surface.  This  reaction  deia-nds 
on  the  fact  that  bile  salts  lower  the  surface  tension  of  fluids  in  which 
they  arc  dissolved. 

The  Bile  Salts  are  two  in  nund)er,  gl3'cocholate  an«l  taurocholate  ot 
8.Klium.      The   two   acids    (glycocholic    C,,,H,,N(),,    and    t^uuocholic 
C^H  ,,NSO-)  are  very  closely  related  to  one  another,  for  they  Iwth 
vi'eld^on  boiling  with  stronger  acids  a  common  non-nitrogenous  Inxly 
called  cholalic  acid,  and  a  nitrogenous  body  of  the  nature  of  an  amido 
acid.     The  amido  acid,  which   is   obtained   from   glycoholic  acid,  is 
illyciii.     The  other  amido  acid   is    tauiin,  and   is  peculiar  in  that  it 
contains  sulphur  (for  Chemical  Constitution,  see  Advanced  Coui-se). 
Scarcely  anything  is  known  of  the  chemical  constitution  of  cholalic  acid 
with  which  these  two  bodies  are  combined.     Its  empirical  formula  is 
C,  H^oO..     The  relative  amount  of  these  two  acids  in  the  bile  varies  in 
direrent" animals.    In  the  bile  of  the  herbivora,  glycocholic  acid  is  much 
in  excess,  whereas  in  that  of  carnivora  the  oiihf  acid  is  taurocholic.     In 
omnivora  (e.ij.  man,  etc.)  a  variable  mixture  of  the  two  is  present. 
These  bile  salts  are  decomposed  into  their  constituents  by  the  action  of 
the  bacteria  in  the  intestine.     If  we  examine  the  faeces,  however,  no 
glycin  and  only  a  trace  of  cholalic  acid  can  be  detected.     The  fate  of 
taurin  has  not  been  accurately  determined. 

It  is  evident,  therefore,  that  the  most  of  the  bile  salts  are  reabsorbe«l 
from  the  intestine  into  the  portal  blood,  and  perhaps  into  the  thoracic 
duct,  to  be  ultimately  re-excreted  i.i  the  bile.  This  explains  why 
fistula  bile  should  contain  so  very  much  lower  a  percentage  of  these 
siilt*  than  does  gall  bladder  bile.  It  also  shows  that  these  salts  must 
subserve  some  very  important  function,  and  that  they  are  too  valuable 
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to  l>e  lost  ill  the  fkecen.     In  tho  hlixxl  tht>y  seem  to  Hct  as  solventi  for 
cholcHteriii,  and  in  the  inteatine  they  asMiHt  in  the  absorption  of  fat. 

A  small  uiiioiint  (one  eighth),  h«»wever,  escajies  in  the  faeces,  and,  to 
make  good  the  loss,  more  must  be  produced."  The  substance  which 
yields  them  is  proteid,  both  glycin  and  taurin  l>eing  undoubtwlly 
deriv«l  from  this.  The  evidence  that  «lycin  results  in  the  decomiKwi 
tion  of  proteid  we  havealrwuly  obtain.-d  in  studying  tryptic  digestion, 
ami  the  presence  of  sulphur,  as  well  ax  of  nitrogen,  in  taurin,  betrays  its 
derivation  from  the  same  source.  Nothing  eerUin  is  known  of  the 
derivation  of  cholalic-  acid. 

The  Bile  Pifmenti.— These  arc  bili-rubin  and  bill  verdin.  The  former 
occurs  most  plentifully  in  the  I  lie  of  carnivorous,  the  latter  in  that  of 
herbi\orouH  animals.  Their  presence  can  be  detected  by  oxidising  a 
mixture  containing  them  with  nitrous  acid,  when  a  play  of  colours- 
green,  blue,  purple,  and  then  yellow— is  produced.  This  ia  called 
Omelin's  test.- 

ExPKRiMKNT  V.  Dilute  some  ox  bile  with  an  equal  amount  of  water. 
Hold  the  test  tube  as  nearly  horizontt  I  as  imssible,  and  allow  some 
fuming  nitric  aci<l  to  run  down  it,  so  that  this  forms  a  layer  under  the 
bile.    Where  the  two  fluids  are  in  contact,  a  play  of  colours  is  pnxluced. 

Bilirubin  is  the  least  oxidised  pigment,  and  its  empirical  formula  is 
C!ttH3,.N^O,.,.  If  we  compare  this  with  the  formula  of  haem".?;,,— 
C:t2H.,2N^O^Fe— we  see  that  it  must  be  from  this  body  that  it  is  derned, 
the  change  being  the  abstraction  of  iron  and  the  addition  of  two  mole- 
cules of  water.  This  is  also  the  formula  of  iron-free  haenn.tin  or 
haematoporphyrin.  and  of  haematoidin.  a  pigment  which  crystallises 
out  in  old  blood  clots  in  the  tissues.  Although  the  same  empirically, 
these  bodies  vary  somewhat  in  their  physical  behaviour,  so  that  we  n.ay 
assume  that  they  have  diflferoiit  constitutional  formulae. 

When  it  reaches  the  intestine,  the  bile  pigment  is  reduced  by  the 
nascent  hydrogen  generated  by  bacterial  growth,  to  another  pigment 
called  Btercobilin.  Most  of  this  is  absorbed  into  the  iMjrtal  blood  along 
with  the  bile  salt.  This  reabsorbed  stercobilin  is  partially  re-excreted 
in  the  bile,  and  partially  excreted  in  the  urine,  where  it  goes  by  the 
name  of  urobilin  (see  Urine).  The  stercobilin  which  is  not  reabsorbed 
forms  the  colouring  matter  of  the  faeces. 

'  Increased  protei.l  metabolism  in  the  tiwues  ig  no/  accompanietl  by  an  increase 
m  the  nitrogen  and  sulphur  excreted  in  the  bile.  This  shows  that  the  bile  salts 
cannot  be  excretory  products,  but  that  they  must  I.e  useful  feretory  bodies. 

«  This  test  depends  on  the  various  colours  of  the  oxidation  pnxlucts  of  bili-rubin 
The  first  oxidatio..  pimluct  is  lnH-ver,lm,  which  is  green  ;  the  next  is  m-cuaniu 
which  IS  blue;  the  next  is  bili-purpuru,,  which  is  purple;  and  thelastisfAo/./e/i./ 
which  is  yellow. 
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Lecithin  ((\nH„.Nl'(),)  aiul  OholMtwin  dVH.OH)  (hoc  Ia-mou  III.) 
-These  two  IkkIjcs  iire  kept  in  Bolutioii  in  the  Kile  t>y  nicaiiH  of  the 
bile  naltH. 

KXFKRIMENT  VI.  rirtce  Homo  l.ile  in  a  test-tuhe.  luitl  luhl  one  oi  two 
crystuls  of  cholesterin  to  it  and  gently  warm.    The  choleHteiin  (Uwolve*. 

UejR'at   this  exi»erin»ent   with  water,   when   the   trynUls  will    not 

disHolve.' 

Both  lecithin  ami  cholc«terin  are  excretory  pr«lnct».  The  tisHnes 
which  conuin  the  highest  percentage  of  them  are  the  nervons,  .ho  that 
the  l.ile  functionates  as  the  channel  Uy  which  the  products  of  nervous 
nieta)M>lisni  are  removwi. 

Inorfanie  SalU.  -These  are  chiefly  sodium  carbfinato  (Na.C'o.,)  and 
diiMslium  hydrogen  phosphate  (Na.HPO^). 

The  Uses  of  the  BUe  in  Int««tin»l  Di««rtion.— (1)  It  is  an  alkaline 
fluid,  containing  a  viscid  substance  (mucin,  etc.),  con8tH|uently  it  assist!* 
ill  the  emulsification  of  fats. 

E.\PKRIMKNT  VII.  Shake  up  some  rancid  oil  with  bile  in  a  test  IuIkj. 
Notice  that  a  very  stable  emulsion  is  formed.     (See  Fats). 

(2)  In  virtue  of  the  hile  salts  which  it  contains,  (")  it  precipitates 
syntonin,  and  (l>)  to  a  cerUin  extent  also,  proteoses  and  pepton. 

K.\l'KRl.MKST  VIII.  Add  t(.  a  sample  of  a  -'4  hours'  peptic  digestion 
of  egg-white  some  bile,  from  which  the  mucin  has  been  remove<l  by 
alcohol.     A  precipitate  of  syntonin,  etc.,  is  prtMluced. 

Thus  the  fluid  chyme  liecomes  much  thicker  on  mixing  with  the  bile, 
and  its  condition,  therefore,  more  favourable  for  l)eiiig  further  digestetl 
ill  the  intestine,  since  it  will  adhere  to  the  intestinal  wall. 
(<•)  It  dissolves  the  free  fatty  acid  produced  in  the  intestine. 
On  account  of  this   latter   action,    and,  to  a  certain  extent,    on 
account   of   its    emulsifying    lowers,    it    assists    materially    in    the 
absorption  of  fat.      Where   bile   is   not   excreted   into   the   intestine 
(as  in  Jaundice),  the  faeces  become  rich  in    fat.    in   (oiise(iuence   of 
which   they  appear    greasy   and   pale    in   colour.     The   presence   of 
excess  of  fat  in  the   intestinal   contents   also   hinders,    to  a  certain 
extent,  proteid  digestion  by  coating  the  particles  of  fcKxl  and  preventing 
the  juices  getting  at  them.    In  consequence  of  this,  baiterial  growth 
becomes  excessive.    It  is  by  this  means  that  bile  diminishes  putrefaction 
in  the  intestine,  and  not  on  account  of  any  antiseptic  properties  it 
iwssesses,  for  bile  itself  quickly  becomes  putrid  on  standing.     Many 
other  dige-Htive  properties  have  been  ascribed  to  bile.  f.<t.  that  it  assists 
1  The«e  tw.   ^M.a.•e8  arc  ftlno  kept  in  solution  in  the  blow!  Iwcaiise  of  the  presence 
of  bile  salts. 
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the  iihwirpti.,,.  of  oil  globiilcM  uml  that  it  ait-,  aa  «  i»«»tivc,  t.«t  t\h 
ure  not  of  much  importance.  It  ma^  «  mentioiirtl  t  f  .t  in  aom*-  aniiB» 
t>ile  coiituina  nn  am\lolytic  fermeiii. 

Tc  mitn  up,  we  may  itute  that  although  l.ile  t^-fitalui*  no  femwi 
by  whith  a  .heminil  change  can  be  pr<«iuce<l  on  any    '  the  f..<     stufTs, 
it  ia  neverth«'lc««  of  great  value  aa  a  ili  reatn      -.ad.    n  thm         ^^i»tH 
the  piin<r«ttic  juice  (1)  by  neutraliaing      e  chyine      1)  by  .  .m- 

th.  tatty  acid  produced  by  the  a.  tion  .  ^.t.api.  „.  whi<  Jui«  not 
united  .vith  alkali  to  form  mv;  (.i  by  a.,|.ting  .,  it.  ei.  fictition 
of  neutral  fat:  (4)  U  namstin^  the  'sorption  -f  tat,  a^d  (  n*  ..ently 
(5;  uf  allowing  proteui  to  be  attacked  by  trvpaif*.  thereby  .hmimshing 
liacterial  jrrowth  and  C(»n8e.|uent  putrefacti.n      ft,,  and  i,.  ».y  pre- 

cipitating  the  half-«ligeHtcd  pro<luct8  of .  hyni.  o  that  '  h,  ,wi„  ,„ay 
the  better  act  on  them. 

InteatinalJnice.— Thisis^.-crcted  by  i.ieberkuhii  .lb.  es.  I  nay 
Ik-  obtiiiii.d  pur.'  by  iaolati  .  a  pie.c  of  inteatine  I  ,lle.  tin  lo 
juice  MecretiHl  by  It  Tliia  i,  y  >>e  arcompi  .1  by  cut-n^  out  a  e 
of  intestinr  aii.l  m  bing  botr:  i-nd^.  to  ab-iuminal  h*take  (VV-lia'a 
method),  th.- aevere.  tids  ,;♦  •  iniastine  b«-i  -utun  together.  Or 
oneendoftheiaoia      .pier.  (»o.,..„red,  other  oeing  attached 

to  a  fistula  (Thiry  ^  n^.-thwl).  1  both  iL  ms  ca.,=  s  th«  roe-.nterv  of  the 
i«)lated  portion  i.  It  iiiUict,  a  i  th  joue  can  ■  -em.  .jd  ft-um  the 
loop  and  itH  action  .Midief I  inn/n..,.  fowl  mav  i  pla<.  ■  in  the  loop 
and  afterwards  rt'mo>  -d  and  examih-'d. 

By  these  methods  has  Iwen  to  iiid  that  the  csiinal  juice  haa 
H-arcely  any  action  on  le  food-staffs.  The  only  distinr  change  which 
't  produces  ia  to  invert  tisacchai  i.  ,  e.ij.  it  inverts  cane  sugar  into  dex- 
!  ose  atul  laevuloae,  maltose  t..  ,  molecules  of  dextroae,  and  so  <m. 
This  itu  .-rsion  ac^rm  u.  ^  n.   ,--         for  the  absorption  ot  carboliydrates. 

Bacterial  Dige  tm 
ti&-ttmmry  for  bae    ria 
'f   he  intestine, 
-tufta  an.  I  i»  i.l  to  ti 
boae  frftrt«  .ligtMstive 
,M     in    on    pi 
an<;     mido  acj. 


ttt 


\s  ha     been  explained  above,  the  conditions 

iw       re  very  favourable  in  the  upper  reaches 

their  growth  they  decompose  the  food- 

1  of  products  in  many  cases  the  same  as 

i  other  caaea  of  a  different  nature. 

leads  to   the   production   of  proteosea, 

-o  far  their  action  corresponds  to  that  of 

•er  substances  belonging  to  the  aromatic 

igctl  in  two  groups  of  bodiea.     The  one  contains 

and  ita  methyl  derivative  kresol  C„H^<^2:'.    The.sc 

.rom  tyrosin,  which,  it  will  be   rememb<!red,  has   the 
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OH 
formula  C,.Hy   ^^^  CH(XH).,COOH   *'"^  ^^^"  '''  changes  into  these 

IxKlies,  the  amido  propionic  acid  side  chain  loses  first  its  amido  group 
as  ammonia,  and  then  its  carboxyl  and  methyl  groups  are  oxidised 
and  given  off  as  cailionic  acid  and  water. 

The  other  group  is  more  complex,  and  contains  indol  C.H/  C^u  >CH 
and  its  methyl  derivative  skatol 

NH 


C„H,  :^(f  >CH 
^CH,. 


These  are  not  produced,  from  tyrosin,  but  their  exact  derivation  is 
unknown. 

These  aromatic  botlies  have  a  strong  faeculent  odour  which  they  im|)ait 
to  the  faeces.  A  certain  proportion  of  them  are,  however,  absorbed  into 
the  blood  and  reappear  in  the  urine  in  combination  with  alkalies  as 
salts  (see  Urine,  p.  20;i). 

These  products  also  result  when  proteids  undergo  putrefaction  in  the 
air,  but  in  this  latter  case  other  bodies  called  ptomaines  are  also 
produced  which  are  powerful  poisons.  It  is  on  account  of  the  presence 
of  these  that  it  is  dangerous  to  eat  putrid  flesh.  The  action  of  bacteria 
on  carbohydrates  is  even  more  energetic  than  it  is  on  proteids.  They  can 
do  all  that  ptyalin  and  amylopsin  can  do,  but  besides  this  they  can 
decompose  the  monosaccharides  into  simpler  bodies  such  as  ethylic 
alcohol,  lactic  and  butyric  acids.  They  have  also  the  power  of  digesting 
cellulose  whereby  methane  (CH,)  is  produced  as  one  of  the  products. 

On  fots  they  act  like  steapsin,  but  here  also  they  can  carry  the 
process  a  stage  further  in  that  they  transform  the  fatty  acid  into 
members  lower  in  the  series.  They  decompose  lecithin,  and  prevent  the 
poisonous  action  of  the  liberated  cholin  by  further  breaking  it  up  into 
carbon  dioxide,  methane  and  ammonia.  We  see,  therefore,  that 
bacterial  action  is  more  beneficial  than  otherwise,  and  fince  they  can 
accomplish  so  much  it  has  been  suggested  that  the  intestinal  bacteria 
are  the  active  agents  in  digestion,  and  that  the  various  digestive  juices 
serve  mainly  as  nutritive  pabula  for  them  to  grow  on.  Such  a  view  is, 
however,  erroneous,  for  it  has  been  shown  that  if  guinea  pigs  be  excised 
from  the  uterus  just  before  full  term  under  antiseptic  precautions,  and 
kept  in  a  chamber  aspirated  with  sterile  air,  and  fed  on  sterile  milk,  they 
thrive,  and  if  after  some  time  the  intestinal  contents  be  examined,  the 
latter  will  be  found  free  of  bacteria. 

Further,  the  intestinal  contents  of  animals  in  the  arctic  regions 
have  been  shown  to  bo  nearly  sterile,  so  that  there  can  be  no  doubt  that 
bacterial  growth  is  not  essential  for  efficient  digestion. 
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The  Paeces.— These  are  composed  of  the  following  siibstanct's  : 

1.  Substances  which  have  escajied  digestion,  «-.;/.  pieces  of  vegetables, 
muscle  fibres,  elastic  tissue,  casein,  fat,  nuclein,  haematin,  etc. 

2.  Remains  of  juices  secreted  into  the  intestine,  >:<j.  nuicin,  traces  of 
bile  salts  and  pigments,  inorganic  salts   (alkaline   earths),   epithelial 

cells,  etc. 

3.  Products  of  digestion,  c:<j.  aromatic  bodies,  fatty  acids,  methane, 

ammonia,  etc. 


CHAPTEK   XV. 

CHEMISTRY  OF  URINE. 

Thkre  is  probably  no  other  portion  of  Chemical  Physiology  of  greater 
importance  from  a  clinical  standiM)int  than  the  chemistry  of  the  urine. 
It  is  in  the  urine  that  the  chief  end-products  of  proteid  metabolism 
{f.g.  urea,  uric  acid,  etc.)  are  excreted,  so  that  a  determination  of  the 
amount  of  these  will  afford  us  information  regarding  the  activity  of 
chemical  interchange  in  the  tissues,  of  which  proteid  matter  forms  the 
chief  part.     Again,  it  is  by  means  of  the  kidneys  that  the  blood  is  kept 
of  constant  composition,  any  excess  of  the  normal  constituents  (e.g. 
sugar)   or  any   foreign   matter  (e.g.  <lrugs,   unusual   proteids)  being 
removetl  by  them  and  excreted  in   the   urine.      In   disease   of  the 
urinary  tract  the  pathological  products  (eg.  albumin,  blood,  cells,  etc.) 
are  admixed  with  the  urine  ajid  can  be  detecte<l  in  it  in  a  more  or  less 
changed   state,  according  to  the  exact  site  of  the  lesion.      From   a 
purely  physiological  |K)int  of  view  it  is  of  peculiar  interest,   since 
it   is    in    the    urine    that    the    incompletely    oxidised    pralucts    of 
metabolism  are  excreted,  the  carbonic  acid  and  water  excretc<l  by  the 
lungs  representing  the  completely  oxidised. 

In  studying  its  chemistry,  therefore,  we  must  ascertain  firstly,  the 
nature  of  the  various  constituents  and  their  precuisors  in  the  blow! 
and  tissues ;  secondly,  the  total  amount  of  those  excretory  products 
which  contain  the  nitrogen  of  the  decomposed  tissue  proteid;  and 
thirdly,  we  must  look  for  unusual  products  indicating  improper  com- 
position of  the  blood  or  organic  disease  of  the  urinary  tract. 

GENERAL  CHARACTERS  OF  URINE. 
Quantity.— A  healthy  man  of  average  weight  (65-70  kg.)  arul  height, 
and  living  on  an  ordinary  mixed  diet,  excretes  about  1500  c.c.  jwr  24 
hours.     A  knowledge  of  the  total  daily  excretions  of  urine  is  in- 


240 


PRACTICAL   PHYSIOLOGY 


dispensable  if  we  wish  to  ascertain  whether  any  one  of  its  constituents 
is  being  excreted  in  normal  amount,  a  mere  determination  of  the  per- 
centage in  an  isolated  sample  being  of  very  slight  value.  For  accurate 
work  (e.g.  in  making  observations  in  metabolism)  the  method  e»tiploye<l 
is  to  collect  the  total  urine  for  the  24  hours  in  a  graduated  <mne  jar 
fitted  with  a  glass  lid,  and  then  to  remove  a  measured 
sample  for  analysis.  The  amount  of  urine  is  in- 
creased by  the  imbibition  of  large  quantities  of  liquid 
and  by  certain  drugs  called  diuretics  which  act  on 
the  renal  circulation ;  it  is  diminishefl  by  excessive 
sweating  or  diarrhoea,  ai.d  by  failure  of  the  heart's 
action. 

Specific  Oravity. — This  is  determined  by  a  special 
form  of  hydrometer — a  urinometer — graduated  so 
that  the  zero  mark — 1000 — corresponds  to  distilled 
water  (Fig.  149). 

Experiment  I.  Fill  a  urine  testing  glass  with 
urine  and  place  the  urinometer  in  it,  and  read  off  the 
graduation  which  is  on  a  level  with  the  surface  of  the 
urine. 

The  average  density  varies  between  1015  and 
1025,  but  a  highly  concentrated  urine — e.g.  after 
severe  sweating — may  reach  1035,  or  a  very  dilute 
one — e.g.  after  huge  pftu'ons — 1002,  and  still  be 
hedthy.  A  specific  »  ivin  over  1030,  however, 
usually  indicates  the  iir<s  ice  of  sugar  or  the 
existence  of  high  fever,  ...  d  one  much  below  1010 
is  suspicious  of  some  renal  trouble. 

It  is  important  to  remember  that  it  is  only  dis- 
solved substances  which  affect  the  density. 

Beaction — Healthy  urine  usually  reacts  acid  to 
litmus. 

EXPEKIMKNT  II.  Test  the  reaction  of  urine  with 
litmus. 

This  acidity  is  not  due  to  free  acids  but  to  acid  salts. 
Experiment  III.  Add  some  urine  to  about  5  c.c.  of  a  solution  of 
Congo  red  in  a  test-tube,  and  the  colour  of  the  reagent 
remains  unchanged.  Congo  red  i".  turned  blue  by  free  acids, 
but  not  by  acid  salts  (see  Digestion,  p.  220).  The  salt  which  pro- 
duces the  acid  reaction  in  urine  is  acid  phosphate  of  sodium 
NaHjPO^.  There  is  also  a  certain  amount  of  the  alkaline  phosphate 
NajHPO^  present,  and  under  certain  conditions,  this  becomes  increased 


Km.  14i>.— The  urino- 
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in  amount  till  it  may  ecjual  that  of  the  acid  salt  when  the  rejirtion  in 
amphoteric,  or  it  may  even  overstep  this  and  cause  the  urine  to  rwict 
alkaline.  This  increase  of  the  alkaline  salt  is  estahlishwl  durinj: 
digestion— alkaline  ti«ie— because  of  the  liberation  of  chloriiM'  from 
the  chloritles  of  the  bl.Mxl  to  produce  the  hydrochloric  ac-id  80cr«te<l  by 
the  stomach,  and,  as  a  con8e<|uence  of  which,  l»a»e8  are  iil«rat*id  ami 
form  the  alkaline  salt  of  phosphoric  acid. 

An  alkaline  reaction  may  also  be  cause*!  by  the  pn'sence  of  alkaliw 
carbonates,  which  cause  the  urine  to  etl^Tvesee  on  he  afldition  <>f  a 
mineral  acid.  The  excretion  of  these  is  inm'ased  by  the  adniiuistrati«w 
of  the  salts  of  certain  orgatiic  acids  {e.,/.  citric.  Uttarie,  et<-.),  tlw 
car>M)xyl  radicles  of  which  become  oxi«lised  inUj  cartwnates  in  the 
blood.  It  is  on  this  account  that  the  urine  of  herbivorous  animals  ami 
of  vegetarians  reacts  alkaline.  Uwrtly.  an  alkaline  reaction  may  Ih'  due 
to  ammonia,  which  is  pnxluced  by  laicrobal  hydration  of  urea  (see 
Urea,  p.  246).     On  account  of  this,  stale  urine  always  reacts  alkaline. 

Exi'ERIMENi'  IX.  Some  urine  has  l>ew!  allowe«i  to  stand  for 
two  days;  note  that  it  smells  of  ammonia,  and  that  the  blue  staui 
on  litmus  disappears  if  the  paper  Imj  gently  warme<l. 

If  the  newly  excreted  urine  contains  a  detectable  amount  of  ammonia' 
it  points  to  decomposition  of  urine  in  the  bladder,  or  to  extensive 
disease  of  the  liver  cells. 

Colour.— The  pale  straw  colour  of  healthy  urine  is  du«?  to  Urofhrom>: 
a  pigment  which  is  derived,  probably  by  a  pnK-ess  of  oxitlation, 
from  another  pigment  called  Urobilin,  which,  howe\  er,  is  present  only 
in  traces  in  healthy  urine.  In  febrile  urines,  and  in  the  urine  of 
cases  in  which  extravasation  of  blood  into  the  tissues  exists,  the 
urobilin  becomes  much  increased  in  amount,  this  s»iggesting  its 
derivation  from  haemoglobin,  a  fact  which  is  borne  out  by  other 
evidence.  Urobilin  also  exists  in  the  urine  as  a  colouriess  precursor, 
called  a  i-hromogen,  and  this  may  be  changed  into  the  pigment  by 
the  addition  of  strong  acids. 

A  third  pigment,  called  iirofrythin,  is  hIso  present  in  .small  amount 
It  is  the  colouring  matter  of  pink  urate  dciwsits.      Its  exact  chemical 
relationships  are  not  known. 

Another  pigment,  which  occurs  only  in  the  miiuitest  traces  in  normal 
urine,  but  which  may  be  present  in  considerable  amount  in  pathological 
urine,  is  hnematoporphifrin.  Chemically  it  is  iron-free  haematin  and  can 
be  prepared  artificially  from  haemoglobin  (see  p.  20.3). 

QuantitotiTa  Oompoaition   of   Urine.— Although    it    is  from    the 
chemical  interchange  or  metabolism  in  the  tissues  that  most  of  the 
>  i.e.  detecUble  by  the  above  test. 
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urinary  substances  are  derived,  the  amounts  of  these  vary  enormously 
according  to  the  nature  of  the  diet.  The  reason  of  this  is  that  the 
«liet  is  the  chief  controlling  factor  of  tissue  met^ibolism.  A  protcid- 
rich  food  leads  to  more  active  tissue  metabolisnj  than  floes  a  proteid- 
poor  one,  as  a  C(m8ef]uence  of  which  there  are  more  solids  excreted  in 
the  urine  during  the  former  than  during  the  latter  diet.  In  studying 
the  composition  of  urine,  therefore,  we  must  hear  this  in  mind  before 
deciding  whether  any  constituent  is  increase<l  or  diminished  in  amount 
The  average  composition  of  the  L'4  hours  urine  during  health  in  a 
young  man  is  approximately  as  follows  : 


Total  Aiiionnt. 


()(•</<»  HiV 


liioryniiie 


1 

1. 

11. 

lU. 

M)xed  diet. 

1 

neah  diut. 

Bt«Bd  diet. 

l.VIOc.u. 

1G7-.'  c.c. 

1920  c.c. 

3318  gr. 

(17-2  gr. 

2l»-(»  gr. 

O-.Mgr. 

l-398gr. 

0-253  gr. 

0-91  gr. 

2I«3  g.. 

0-961  gr. 

0-77  gr. 

0-9  gr. 

0-4  gr. 

0-4O  gr. 

— 

— 

••i-.W  gr. 

3 -SOS  gi. 

1-314  gr. 

*n09gr. 

3-991  gr. 

3-923  gr. 

«1»-26  gr. 

0-328  gr. 

0-339  gr. 

*0-2l  gr. 

0-294  gr. 

0-139  gr. 

7-50  gr. 

3-817  gr. 

4-99«  gr. 

2-01  gr. 

4-674  gr. 

l-265gr. 

316  gr. 

3-437  gr. 

1  -6.-)8  gr. 

Urea, 

Uric  acid,  etc., 

Krcatiiiine, 

Aiiimonia, 

Hippuric  acid,  ■ 

K.,0, 
Na.p, 
(^aO, 
MgO. 
CI,     • 

SO;,,     -  - 

PA. 


'Calculated  here  iis  the  nieta)  and  not  as  the  oxide. 

The  Organic  Ctonstituents.— With  the  exception  of  some  of  the 
aromatic  bodies  absorbed  from  the  intestine,  the  organic  substances  in 
the  urine  all  contain  nitrogen,  and  if  we  add  to  these  the  small  amount 
excreted  as  ammonia,  we  can  then  account  for  over  90  per  cent,  of  all  the 
nitrogen  resulting  from  tissue  metabolism,  the  remaining  fraction  being 
lost  mainly  in  the  faeces  (1  gramme  per  diem),  and  slightly  in  the 
sweat  as  urea.  It  is  most  important,  therefore,  first  of  all  to  become 
acquainted  with  some  method  by  which  the  total  nitrocra  excreted  in 
urine  can  be  estimated.  This  is  furnished  by  ^eldahl's  method,  the 
principle  of  which  is  the  following. 
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DkmonstkATIOS. — L't  Stiiiin — IncinemHim.-  A  nu>a8\nc<l  «niiintity  of 
„ri,ie— n  c.c— is  placed  in  a  lomhustion  Hask,'  ami  to  it  alMiut  twice 
that  iimoiint  of  coiicentrate<l  pure  sulphuric  acitl  is  a(lde<l.  The  mixture 
is  then  gra<lually  heate«l  till  just  below  the  Iwilinj;  i»«int  of  the  nci<l 
(the  Hask  l>eing  placed  in  a  slanting  position),  and  is  kept  at  this 
tenijMirature  till  it  becomes  dear.  The  chemical  reaction  which  t«k»s 
place  is  that  the  H.^SO^  decomposes  the  orjjanic  matter,  the  carbon 
heing  oxidised  to  carbon  dioxide,  an<l  the  nitrogen  changcl  into 
ammonia,  which    immediately  on    its   formation   combines    with    the 


Fi<^  150.— DUtUllng  iwrtton  of  Kjcldahrsappiinitus. 

excess  of  stdphuric  acid  present  to  form  ammonium  sulphate. 
The  first  effect  of  adding  the  acid  is  to  produce  charring  (i.e. 
the  mixture  becomes  black),  and  the  reaction  is  complete  when- 
ever all  this  liberated  carbon  has  been  oxidised  and  the  mixture 
has  become  colourless.  This  latter  transformation  can  be  con- 
siderably hastened  by  atlding  a  few  crystals  of  potassium  permanga- 
nate which   oxidise   the   carbon.     (For  other  methods  see  Advanci^ 

t'ourse.) 

2nd  S%e—/>w<i//o/wn.  -The  contents  of  the  flask  areallowe*!  to  cool, 
and  are  then  dissolved  in  distilled  water,  the  resulting  solution  being 
carefully  transferred  to  a  large  Erlenmeyer's  flask  (a)— i.e.  a  conical 
flask  matle  of  combustion  glass  and  holding  600  c.c.  To  this  solution 
of  ammoninm  sulphate  (containing  an  excess  of  sidphuric  acid)  a  few 

'  Thig  tlMk  should  have  a  capaoity  of  300  cc.  ;  it  id  iiiwle  of  hanienea  gbiss,  has 
a  tong  neck,  or.il  n  rouuil  lx>itom. 


If 
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pieces  of  ^a,.ulate<l  ^i„c  are  now  added  to  prevent  bombing.  an<l  it  is 
2^Z       T  "  ''""^«"^r'  ^•''"*'°"  "'P'"-"  -"^^''^  -°d«  t'"  f""tiy 

have  L"  "   .     ?""'*"^  '^  '^"''  "^"^  '"  ^''^  '"^'-^tion  should 

have  been  previously  detern.ined  by  titration,  and  a  little  n.ore  than 

LmZTl  "™"""'  "'/"  "'■•''""^  P"""-*'  •^"'^"  *ho  Bide  of  the 
distlhng  flask,  80  as  to  form  a  layer  under  the  acid  ammonium  sul 
phate  solution.  By  this  n.e^ins  any  ammonia  gas  which  m.«ht  e 
producl  where  the  two  fluids  are  in  contact,  is  at  "once  absorbed 'by  th 
c«  erlymg  layer  of  ac.d.  The  flask  is  now  co.u,ecte,l  with  the  distUl  „! 
apparatus  (see  Fig.  1.50).  the  other  end  of  this  being  attached  to  a  tube 
which  touches  the  surface  of  a  measured  ..uantity  of  .leeinormal  (  »  ) 
sulphuric  acid  contained  in  another  Erlenmeyer  flask  (A) 

\\  ben  all  is  ready  the  contents  of  the  distilling  fla.sk  are  shaken  un 
so  as  to  m.x  them  the  burner  is  lighted  undernearh  it.  and  dTs  ill  i^n 
allowed  to  procee,!  till  no  more  ammonia  gas  is  given  off.  The  chemi" 
reaction  which  now  ensues  is  that  the  excess  ,/ alkali  in  the  dis  Zg 
flask  reacts  with  the  ammon.  sulph.  liberating  free  ammonia,  which 
distills  over  and  is  at  once  absorbed  by  the  ii  acid  placed  to  receive  it. 

3rd  Slnffe-Titr,,iio,,.~-Bethre  describing  this  it  will  be  necessary  to 
explain  what  is  meant  by  a  nonnal  or  decilrmal  solatia,,  ^ 

A  norma  solution  is  one  which  conUins  the  molecular  weight  of  the 
substance   in   grammes  dissolved   in    1000  cc    of   water       ^, 

hydrate  has  the  molecular  weight  •  Na  OH    \n\h     T  .' 

„  1  »■       /  X  ,,  "cigui,.  i'<a,.,u,.H,  =40,  therefore  a  norma 

solution  («)   would  contain   40  grammes  per  1000  e.c.  and  a TcT 

normal  solution  (^)  4  0  grammes.  Hydrochloric  acid  has  the  molecular 
weight:  H,Cl,,,,  =  36r,,  therefore  a  normal  solution  would  conUiin  .-{fi--, 
grammes  per  1000  cc.  and  a  decinormal  3-6o  granunes. 

In  other  words,  a  measured  quantity  (say  .10  cc)  of  "  acid 
would  exactly  neutralise  the  same  amount  of  -/i  alkali.  I„  thl  case 
of  an  acid  which  forms  two  kinds  of  salts-,'...  a  .lilmsic  acid-such  as 
sulphunc,  which  forms  an  acid-KHSO,-an,l  a  neutral  salt-K  SO  - 

solution.     The  reason  of  this  is  quite  evident  when  we  consider  that 
nistead  of  only  forming  one  salt,  as  does  a  monobasic  acid,  it  form   two 
The  molecular  weight  of  H,SO,  is  98,  therefore  a   normal  solutbn 
equals  49  gi-ammes  i)er  lOOO  cc  and  —  = 


jy  =  4-9  grammes  per  1000 


cc. 
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III  the  case  of  a  tribasic  iicid  such  as  phiwphoric  a  thinl  of  the 
molecular  weight  would  Ite  taken. 

To  Titrate  a  Solution.  -At\  aecunitely  measured  <(uantity — wiy  •">'• 
i-x: — irt  measured  into  an  Erlenmeyer's  fla.sk,  and  niix.-d  with  al)out 
t  wo  drops  of  a  solution  of  niothyl  orange.    This  gives  a  deop  red  colour 

with  acids  and  a  faint  yellow  with  alkalies.  Supimse  .")0  c.c.  ly  »ci<J 
had  been  taken,  the  re<l  of  the  indicator  would  change  to  yellow 
when  exactly ')<)  c.c.  of  TTj  alkali  had  l)cen  addeil.  Litmus  sohition 
might  also  be  emplovt-d,  but  it  is  not  so  delicate.  (For  stjuidardising 
the  decinormal  solutions,  see  Advanced  Course.) 

The  application  of  the  above  to  the  determination  of  the  liberatetl 
ammonia  in    Kjeldahl's  meth(Hl  will  now  be  readily  understood.     A 

measured  (piantity — sjiy  oO  c.c. — o*  i,)  "cid  is  plaid  in  an  Erlen- 
meyer's flask,  and  in  contact  with  the  surface  of  this  is  the  distillation 
tube.  As  the  NH.,  ccmies  over,  it  at  once  combines  with  the  acid  to 
form  ammonium  sulphate.  After  distilling  for  half-aii-hour,  test  to  see 
if  all  NH.,  has  come  over.  This  may  bo  done  by  raising  the  distilling 
tube  a  little  and  removing  a  <lrop  of  the  distillate  with  a  clean 
glass  rod  and  placing  it  on  sensitive  red  litmus  paper ;  if  no  bhie 
stain  results  all  NH.,  is  over  ;  if  a  blue  stain  results  wash  the  glans  md 
and  litmus  paper  with  a  jet  of  distilled  water,  allowing  the  waslinij^.s 
to  run  into  the  receiving  flask,  and  continue  the  distillation. 

When  all  the  NH.,  is  distilled  remove  the  receiving  flask  and  titrate 
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alkali.      The  number  of  c.c.  of  this  which  it  is  necessary  to 


employ  in  order  to  protluce  neutralisation  corresponds  to  the  ruimber 
of  c.c.  of-,.,  acid  which  has  not  combined  with  NH.,,  and  if  we  de<luct 
this  from  the  ijuantity  of  ,,.  acid  originally  employed,  we  obtain  the 
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number   of  c.c.   of  ...  acid  which  has  been  neutralised  by  NH.,.     This 

result  multiplied  by  0'0014'  gives  the  amount  of  iiitrogen  in  graiunics 
contained  in  the  urine. 

Exi'ERlMENT  V.     Detennine  by  the  alxive  methotl  the  amount  of 
nitrogen    containe<l    in    an    acid    solution    of   ammonium    sulphate.- 

> Because  the  molecular  weight  of  nitrogen  is  14.     Kaoh  c.c.  of  an  Absolution 


etjuals 


14 

1000 


=  014 


or  of  a  .A  eolation  -0014. 


-  A  :>uitablc  solutiou  for  the  purpose  is  made  by  dissolving  I  "S^i  grammes  of 
ammonium  sulphate  crystals  in  100  c.c.  of  1  per  cent,  lulphuric  acid ;  a  c.c. 
of  this  solution  contains  0-014  grammes  X. 
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accurately  -0  c.e.   /^  acid  and  place  f„  .eeeiving  flank  5.  adjust  dis- 
tdlu^  tube  C.  neutralise  contents  of  NaOH,  ano  dintil  a«  above. 

umes   betneen    ];>    grammes    and    20    irrammes    anH   if  »T„    »  *  i 
Zd"  t  T  '"J"^'  '^  ^^^^^^"^  ■*  -^''    "^un    to  1      cZ 

c  ~d  then  ihr''''  '~'r" "  ^""  »^  "•«"•«  ^"  --«^  V 

coiregpond  «her,  the  person  u  said  to  be  in  nitr.>ff.,wus  emUihrhm 
The  excre  ,on  dunng  starvation  will  be  discussed  under  Urea 

is  d^trifuS'hrre  °*""'*»™»'»^-T'-  •"trog.n  excreted  in  the  urine 
distribute*!  n.  the  vanous  comp<,„nds  in  the  following  proportions  : 
Urea,      ..... 

Ammonia,       .....;       »«  P*""  ^«»t. 
Creatinin,       -        .        .         .        _  „       " 

Uiic  acid  and  purin  bodies,     -..!." 
Pigments,  nucleo.albumiM,  hippuric  acid,  etc,  fi      ," 

As  will  l,e  pointed  out  later,  the  relationship  of  ammonia  to  urea  is  of 
great   importance,  since,  in   certain  diseases  of  tZ  »  u 

changed,  relatively  more  ammonia  I J;":::;:^^        '""'  '*  ^'="'"- 


CHAPTEK   XVI. 
UREA :  CHEMICAL  RKLATIOXSHIFs. 
Uri-U   is  a  di-amide  of  carbonic  acid.     When  studvinc  f),.     i 
IK>sition    products   of  p..teids   (see   Intestinal       X^  t    cZe 
across  anndo  acids,  in  which  an  H  atom  of  the  methyl  mdi  le  was  su  . 
«t,tu  ed  by  an  amido  group-XH...      If,  now,  the  hydlxvI-OH 
radicle  of  the  carboxyl-COOH_h.  replaced  by  NH..  a  Cy  ealL"^^ 
'nil  amide  is  producetl.     Take  aceti.    -oid  CH  rnnu   °^\^"^  ^" 
acid  has  the  formula,  CH,Nh/ooH,  a:^i:s  a^rmirCH  CONH^ 
Cr.,  ,s  closely^relat^,   to  an   aci.   amide.     Carbonic  'a^idCfhe 
formula  CO-^^jj  ;  if,  „ow,  we  substitute  both  hydroxyl  mclicles  by  an 
a.ni,lo  group  we  obtain  ((,    ^H.^  ,hich  is  urea.     Since  this  contains 

two  ammonia  residues  it  manifests  we^ik  basic  properties,  and  fom, 
loose  salts  with  nitric  and  oxalic  acids.  P'ope^ies,  and  forms 
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ExrKKiMKNT  I.  To  some  urine,  which  huM  been  evuponiUHj  to 
snmll  bulk  on  a  water -Iwth,  a<id  some  pure  (not  fuming) 
HNO.„  and  c«m>1  the  mixture  »>y  holdinji  the  test  tu»w  umler  the 
tap.  CrysUls  of  urea  nitrate  seiwrate  out.  Kxnmine  these  with 
the  microscope,  and  note  that  they  are  either  rhombic  tablen  or  six- 
sided  plates,  which  overlap  each  other  like  the  tile«  of  u  roof  (see 

Kig.  1">1). 

E.XPKRIMENT  II.  Repeat  Experiment  I.  with  oxalic  acid,  an<l 
note  that  the  crystals  are  not  unlike  those  of  the  nitrate,  »H?iiig 
elimgatwl  plates  with  bevelled  pointed  ends  (Fig.  l.'>-.'). 


Fii.  151.— Urea  nitrate. 


I'lfi.  162.  — L'r«a»  nxiilate. 


Like  all  other  substituted  ammonias  urea  is  decomposed  by  niti-ous 
acid— HNO.J— carbonic  acid  gas  and  nitrogen  being  evolved : 

.,p.^N H.,  ,  O  =  N  -  OH  _  p^..    la   .  o  jj  Q 
*^^<NHi  +  0  =  N-OH-^"  +W4  +  .*M.,u. 

Experiment  III.  Add  some  fumintj  i.itric  acid  (i.e.  containing 
HNO2)  to  urine  and  note  the  effervescence  which  results.  That  one 
of  the  gases  evolved  is  CO.,  can  be  proved  by  holding  the  mouth  of  the 
test-tube  over  another  one  containing  lime  water,  when,  on  shaking, 
the  latter  will  turn  milky.  A  very  similar  reaction  is  obtained  by 
adding  a  hypobromide  or  hyixjchlorite  : 

This  reaction  is  taken  advantage  of  in  its  quantitative  estimation  (s(!e 
below,  p.  249). 

There  are  several  reactions  which  are  peculiarly  interesting,  since 
they  demonstrate  the  chemical  relationships  of  urea  to  its  probable  pr 
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»«  catue.1  to  take  up  a  „.oh,cule  of  w.ter)  it  f..rn.«  ammonia  cnrbonat.. 
NH,*HOH-^^  ONH 

Vi^a.  Hattr.       .4  intHonia  rarhoiitttf 

|EfS?ssss:E 

presencf.   of  f'f)  i  ''^  ''"'   ^«comuig    miJky,    the 

presence   ot   LO,  gjw   w  demonstrate.!.      To   ft  add  ^hnut   / \i 
saturated   KOH  and  boil       NH    «.-  ;,         i      ,         .  '^™P* 

«»rj..  ^e      1  1-  3  ^**  ^^  evolved  so  that  a  moistpnofl 

::s;::x"r:=i^ '---'  ^'-  -«'^  "■  -« --  -- - 

A  su.«tance  intermediate  between  urea  and  ammonium  car.«nate 
and  having  therefore  the  fonnula  CO<ONH,  ^^  ^  ^^^^^  ^^^  ^^^^J 
ing  dry  CO,  gas  to  act  on  drv  XH      T».;<,  .-I ,  n  j 

..^irh».i„n,u;.,'';^,^^;,,^:,rjr;:r'""''"'""°''' 

I'ry  heat  splits  urea  into  ammonia  gas  and  a   b«iv  ialle.1  h:..  ■  , 
w  .eh.  by  funher  heating,  changes  into',a,  J  ^  j  (i'cC  ' 

IS  isomeric  with  cyanic  acid,  HCNO.  ^"'-^^";»  which 

EXPKK.MKNT  V.     Heat  some  urea  crystals  in  a  dry  test-tube      Note 
the  ^H,  evolv^.     Cool  the  test-t»oe  and  dissolve  the  residue  in  HO 

:^  ^;^e:tsr'^ ''-  •^^--^  ''-'■  ^  -  p'»^^  ;-£ 

Conversely  we  can  change  cyanic  acid  into  urea  by  evaDoratin.  «., 
aqueous  solution  of  ammoniur.  eyanate  (NH.CNO)  Z  dZr  Th" 
dSertr™^  empincal  fo„„..la  as  urea,  but  its  stLurarridf  i': 

/JNH,  /NH.. 

c4o  ' 

A         •  -  ^NH- 

Ammcnium  eyanate.  Urea. 

beX^::rZ  i^r'^^  «-  ^^-^  ^^at  inoi^nic  could 
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For  QiuatltatiTtly  — timating  nna  two  iiuahiNU  mny  he  oinplovtHl :  — 
I.  Precipit«te  from  the  urine  all  nitnigencontaining  iKxIieit except  urea, 
filter,  then  iletemiine  the  amount  of  nitrogen  in  the  tilti-atc,  itnd  from 
this  calculate  tht>  urea  (8i>e  AdvanctHl  Course).  II.  Ky  <lecom|)oaing 
urea  with  Sodium  Hypobmmite  in  the  presence  of  free  cauHtic  alkali. 


Fi<^  l'>8.— Dupr^'s  uras  appanitu*.  F'lu.  ifrt.— Oemrd*'  ureii  apiwrattu. 

The  alkali  abRorbs  the  liberated  car)>oiiic  acid  and  the  nitrogen  is 
collected  in  a  graduated  tube.  From  the  amount  of  nitrogen  e\  olved 
the  urea  can  be  calculated  by  remembering  that  0*1  gramme  urea  con- 
tained in  urine,  liberates  37'1  c.c.  nitrogen.*  There  are  various  forma 
of  apparatus  useci   for  collecting  the  liberated  nitrogen.      The  most 

'O'l  gr.  of  pure  urea  really  litieratu*  :)7"27  c.c.  uf  N.  In  urine  only  about 
9*2  per  cent,  of  the  urea  nitrogti.  is  liberateii  Ity  the  hypobromicle.  This  deficit 
is,  liowever,  partly  compenaated  for  l>y  a  certain  amount  of  nitrogen  being  simul- 
taneouily  split  off  from  the  other  nitrogenous  bodies  present. 
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•ccuratc  js  that  of />«;>r.  (Fig.  153).  which  c^HHi.t.  ..f «,.  invert«i  buretto 
(«)  pla.  «l  ,n  a  oymcler  of  wator,  and  to  the  neck  of  which  i.  connecte.1 
a  T  ,„ect.  /).      \\,th  the  «<!,.  tuJx,  of  thi.  the  g^'nerating  Inittl..  i» 
con«.^.t«l  hy  „ulmn,WH,r  tuhi„K.  a«,I  the  other  tube  i,  oloL.l  with  a 
piece  of  tubing  «n.i  a  chp.     To  make  the  entimation   25  c.c.  of  th.- 
alkabne  «>|„t,on  of  NaBrt)  are  plaml  in  the  generating  little  (.)  ami 
R  .-c    urine  ,n  a  .mall  tube,  which  in  then  carefully  plac.l  in  the 
generating  bottle  without  allowing  the  two  flui.lH  to  mix.     The  crk 
of  the  generating  iKittle  i«  then  i„«,rtc.l,  ami  the  water  menisci.  in«ide 
ami  outm.le  the  burette  brought  to  the  «uue  level  at  the  zero  mark, 
he  clip  on  tbe  T  piece  l.eing  meanwhile  o, ....  ami  water  being  ad.le,! 
t...  or  remove.1  from,  the  o.Uer  vernal  a«  i.e.  .narv.     The  clip  is  „.,w 
applied,  and  the  burette  raise<l  to  a^ertain   that  no  leakage  exist.. 
W  readjust  the  two  menisci,  and  mix  rhe  content,  in  the  geiiemting 
bottle.     The  evolv.Hl  N  dinplace.  the  water  in  the  burette.     AOer  the 
reaction  .8  complete  immerse  the  generating  flask  in  a  basin  „f  water 
so  as  to  bnng  the  temperature  of  the  gas  contain«l  in  it  to  the  same  as 
that  of  the  gan  ,n  the  burett*.     After  two   minutes  bring  the  tw,» 
meni^n  to  the  8ame  level,  and   read   oflT  the  number  of  c.c.  of  N 
AnotJier  form  of  apparatus  is  that  of  Gerrard  (Fig.  1  .'i4) 

The  determination  may  also  be  made  by  means  of  the  following 
improvise*!  apparatus  (Fig,  155). 

The  neck  of  a  burette  C  is  connected  by  me«„s  of  a  long  piece  of 
uidiarubber  tubing  with  a  glass  tube  />,  dipping  .„,der  the  surface  of 
water  contained  in  a  bottle  A     Through  the  cork  of  this  a  second  tube 
£  connects  it  with  the  generating  bottle  A,  and  a  thin!  t.he  F,  closed 
by  a  piece  of  tubing  and  a  clip,  is  also  inserted  in  the  cork  of  B     To 
tnake  the  estimation  the  burette  is  raised,  and  water  poured  into  it  till 
he  tube  P  ,s  full.     It  is  then  lowered  till  the  water  grinds  at  tho 
lowest  graduation  (.50  or  100)  of  the  burette,  and  is  on  the  san.e  kxo' 
as  the  water  in  B.     The  urine  and  hypobromite  solution  are  then 
placed  in  the  generating  bottle,  the  cork  ,.f  this  inserted,  the  tube  F 
closed,  and  the  solutions  in  J  mixed.     The  gas  pushes  the  water  into 
the  burette,  and,  after  the  generating  tottle   has  been  cooled,  the 
meniscus  of  water  in  the  burette  is  brought  on  a  level  with  that  in  B 
either  by  lowering  the  burette  or  raising  B     The  amount  of  disnlacinl 
water  is  then  read  off,  and  from  it  the  urea  is  calculated. 

The  Metabolic  Ohances  which  aim  Hm  t^  n.^^      i- 
.,      ...      ,         ''"~Hi'»  waicji  give  naa  to  urea.— Lrea  is  in  man 

the  chief  end  product  of  proteid  metabolism,  and  consequently  varies 
enormously  w  ith  the  nature  of  the  diet. 

Exi'ERlMENT  VI.     This  can  be  very  simply  demonstrated  by  making 
a  determination  of  the  percentage  contained  in  a  sample  of  urine  passed 
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about  fiitir  hoiirM  afler  breakfatt,  the  latter  cuiisisting,  one  morniii);, 
iitainly  of  porridge  or  mmt  Hiniilar  pn>teid-poor  diet,  and  on  the  n»>xt 
morning  mainly  of  nonio  fonn  of  fleiih  or  eggs. 

I  luring  starvation  the  excretion  ra|)idly  fall*  for  the  firet  few  days, 
and  then  retnaintt  eonNtant  for  a  week  or  two— /*«•  *Uirmtion  //-(W— after 
which  it  again  rises  somewhat  for  a  few  days,  thi»  U'ing  foUowed  l>y  a 
Hivlden  fall  accom{Mnied  l>y  the  death  of  the  animal.  The  rcawin  of 
thf  primary  fall  ix  that  no  proteid  food  w  being  itupplietl  to  tht>  vital 
tisRue*,  and.  ai«  a  conMe<|Uencc  of  thio,  their  nii-taljolixm  liecomcM  len^ 


1 


Fiii.  1.'>S.— InipruviMd  appuatiu  for  tintlawtiou  uf  mvu. 

active,  the  energy  necessary  for  life  beinj;  nieanwhiU;  wni,)lietl  by 
the  deposited  fat.  This  latter  ultimately  lM>cnTnes  use*!  up,  however, 
and  then  t'ue  proteids  are  calle*!  upon  to  supply  the  necessary  energy, 
and  the  urea  excietion  rises  again.  This  disintegration  of  the  vital 
tissues  cannot  last  for  long,  however,  as  the  proteid  tissues  are 
indispensable  for  life,  and  the  animal  dies. 

As  regards  the  internudinte  hnlie.t  between  serum  albumin  and 
globulin  (as  which  the  bulk  of  the  proteids  are  absorbed  into  the  portal 
blood),  and  urea,  very  little  is  known.  The  majority  of  the  inter- 
mediate bodies  have  been  alrewly  described  in  connection  with  the 
tissues  in  which  they  are  found,  and  all  that  remains  is  to  string  them 
together  in  their  proper  seijuence. 

By  the  hydrolysis  of  proteid  in  the  intestitic,  mniifo  wiil.t  rntd  hexone 
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mses  are  l,)«rated.     These  are  chemically  closely  relat«l  to  ..rea.  and 
If  they  »,e  given  m  the  food  they  at  once  lea.1  to  an  increase  in  the 
..rea  excret.on.     It  is  almost  «erUin.  however,  that  no  8uch  proce.8 
occurs  physiologically   since  these  bodies  cannot  be  detected  in  the 
bhxKl.  so  that,  although    large  amounts  of  them   can   certainly   be 
obtained  m  an  artificial    tryptic  digest,  it  is  probable   that,   in   the 
ntes  .ne,  the  bulk  of  the  protei.l  is  at  once  absorbed  when  it  reaches 
these  bflies'^'"""'  """^  '^*'  ""''''  *  *™'"  "  ^''"^^'^  hyd.olyse,!  into 
The   «b8orh«l    «er„m    albumin   an.l    globulin   are    carrie.1    to   the 
active  tissues  («...  m„«cles.  glands,  and  nervous  tissues)  where  thev 
ndergo  complicated  changes  leading  to  the  production  of  disintegi-ative 
p.o.l..ct8,  among  which  is  crealin.     It  will  be  remembered  that  this 
'Kx  y  can  be  very  easily  changed  into  urea  in  the  labomtory  (see  p.  -'05) 
a.Hl  that  It  exists  i„  the  tissues  in  very  large  amount,  whereas"  the 
unne   only   contains  a   small   .,uantity   (as  creatinine)  (see    p.  261) 
Many  e.xpenments  have   accordingly  been  made  to  stu.i      how   the 
..rea  excretion  behaves  on  administration  of  creatin  as  food,  or  after  its 
..jec  .on  into  the  blo^nl.     It  has  invariably  been  found  that  the  urea 
m  not  ,ncrea8e<l  in  the  slightest,  but  that  all  the  administere*!  creatin 
reappears  as   urinary  creatinin.      It   is   possible,    however,   that  this 
oreign  or  exogenous  creatin  is  not  quite  the  same  thing  as  the  creatine 
.atura  y  pro<luced  by  the  tissues.  /...  endogenous,  an.l  that,  whereas 

th.^  chlr  '"^'*''  ""°  '"■*^'  '^^  '""""^''  '•"*'  ""'  ""''«'-8« 

A  third  probable  precursor  of  urea  is  owmoniin.,  suUs  If 
ammonium  carbonate  or  citrate  be  given  by  the  mouth,  the  urea 
txeretion  at  once  rises.  These  s.dts  have  also  been  found  in  small 
•ruantities  in  the  bloo<l.  more  especially  in  that  of  the  portal  vein 
Ihe  chemical  transformation  is  a  very  simple  one  (see  p.  i'48),  and 
since  they  are  found  most  abundantly  in  the  ,K,rtd  blood,  it  is 
probable  that  l.fore  the  ami<lo  acids  or  hexone  bases,  absorbs  from 
the^itestine,  are  transformed  into  urea,  they  are  split  up  into  ammonium 
t-arbonate  and  a  residue  containing  most  of  their  carlK,n,  and  which 
.s^birther  made   use  of  by   the  tissues  t  >  produce  energy,   or    to 

From  one  cf  the  hexone  bases,  viz.  arginine,  urea  ean  be  very  easily 
obtained  by  boiling  with  baryta.  Now  arginine  i.s  chemically  very 
hke  creatin  one  ,K.int  of  difference  being  that  the  former,  when 
administere,  as  focxl  or  injectd  into  the  blood,  causes  an  increase 
an  urea,  the  latter  does  not. 

There  can  be  no  doubt,  then,  that  amido  acids  and  hexone  bases,  and 
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for  the  reasons  given  above,  prottably  also  endogenous  cruiitin  arc 
tninsformed  by  the  tissues  into  urea.  If  we  conipaii*  their  fomiiiliie 
with  that  of  urea,  however,  we  find  that  they  conUiiii  too  many 
carbon  atoms 

Leucin,      (.',.H,,,NO.,  Creatiii,  C4H.,\.,0., 

Arginine,  C„H„N,(X  Urea,      CH,N,.()  ' 

in  relation  to  their  nitrogen,  so  that  before  such  a  transformatioti  can 
take  place  they  must  break  off  some  of  their  carlion  as  other  iMnlies — 
fat  or  carbohydrate — the  nitrogenous  moiety  being  then  libei-atttl 
probably  as  salt  of  ammonia. 

Other  probable  precursors  of  urea  are  the  iilloxitrv  Inwtiex  (see  p.  •_'(!()). 

Besardiog  the  Site  of  Fonnation  of  Urea,  there  can  l)e  no  doul>t  that 
it  is  the  liver.  The  products  of  tissue  metalK)li8m  are  conveyed  here, 
•,uv\  changed  into  urea  which  is  then  excreted  t)y  the  kidneys.  The 
proofs  of  this  are  the  following  : 

(1)  II  the  liver  be  exciswl  and  perfused  with  dcfibrinated  bhxKl,  urea 
is  formed  if  ammonium  salts,  or  amido  acids  he  added  to  the  blood.  To 
do  this  experiment  an  animal  is  bled,  and  its  blixxl  dcfibrinated.  The 
liver  is  the.i  excised,  and  cainiulae  inserted  into  the  portal  and  hepatic 
veins.  The  former  of  these  is  connected  with  a  pi-essure  )>ottle  contain- 
ing the  defibrinated  bloo«l  to  which  some  precursor  of  urea  '\a  added, 
and  the  latter  with  a  dish  to  collect  the  perfused  blood.  The  urea  is 
estimated  in  a  sample  of  blood  from  the  pressure  l»ottl«^ — i.e.  before  pei-- 
fusion — and  another  one  from  the  collecting  dish — i.e..  afler  (terfusion. 
It  is  found  that  the  latter  contain.";  much  more  urea  th.Mi  the  former. 

If  this  experiment  l)e  re{)eated  with  any  other  organ,  or  with  the 
muscles,  no  urea  formation  results. 

(2)  If  the  liver  beremored  from  the  circulation  the  urinary  excretion 
of  urea  is  diminished,  this  being  accompanied  by  a  corresponding 
increase  in  the  ammonia.  In  mammals,  the  liver  extir|)ation  is  .soon 
followe*!  by  the  death  of  the  animal,  but  it  can  Ije  removeil  to  a  lar"e 
extent  from  the  circulation  by  attaching  the  portid  vein  to  the  inferior 
vena  cava,  aiid  thus  divertiiij;  the  blo(Ml  stream  so  that  no  blood  gets  to 
the  liver  by  this  path — Ed'.ijisliihi.  After  .such  an  operation  it  has 
usually  been  found  that  the  diminution  of  urea  is  very  slight,  the  liver 
being  still  supplied  by  blood  from  the  hepatic  arteries,  and  by  blood 
eddying  back  through  the  he|)atic  veins  In  certain  cases,  however, 
the  diminution  has  been  ({uite  marke<|. 

In  binls  and  reptiles,  uric  acid  takes  the  phce  of  urea  as  the  end  pro- 
duct of  prateid  metabolism.  In  th*  se  animals,  extirjtation  of  the  liver 
is  practicable  ot:  account  of  a  natural  anastomosis  between  the  jM)rtal 
vein  and  the  veim  adirhens  going  to  the  kidn  vj.     If,  now,  the  [lortal 
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thTkl  vr  T    ''^"''"  branch,  the  porta,  blood  is  diverted  into 
he  kidneys.     The  l.ver  can  now  be  extirpat«l.  the  animal  sur.ivin« 

elTT:  "'":'  '"?•  ''"''  ^'"""«  ^'''^  ^™«  »»>«  ••"•<=  -id  almost 
entnely  d,«»ppears  from  the  urine,  ammonia  lactate  taking  its  pluce 
K..o„,ng  from  ana  ogy  then,  we  may  suppose  that  urea  is  io  f.frme<l 
—from  ammonia  salts-m  the  liver  of  mammals 

W  In  certain  diseases  of  the  liver-..;,,  acute  yellow  atrophy,  phos- 
phorus poisonuig,   marked  cirrhosis-the  hepatic   cells   die'^and   lo7e 
their  power  of  forming  urea,  and  as  a  consequence  of  this,  the  urea 
<hm..nshes  in  the  urine,  ammonia  .salts,  and  even  amido  aci  1    (  eS 
4ind  tyrosin)  taking  its  place.  ^ 


CHAPTER    XVII. 

URIC  ACID  AND  THK  OTHER  PURIN  BODIES. 

It  will  lH3  remembered,  from  the  description  of  the  chemical  stn.cturc 

l:::;  "L?-  ?/•  ''*''  *'"^  ^^-^^  '^'"'^"^  -^^  decomposition  prX 
:,:!   "^'r  *"'°T"f  "^  »»>«  ^^''^  P-in  group  of  chemLd  sub- 

Tr  k1"  ''  "f,  ''r  "  ""''"'"'• ""''  ^'"■^  ^"-""P-  The  groun  receives 
•tH  name  becAise  all  the  members  of  it  contain  as  their  nucleus  of 
construction  a  Ixxly  called  purin.  which  exists  as  a  double  ring  of tbon 
and  nitn^en  atoms.  The  various  members  of  the  group  Ifferfrom 
Zr^rT!  T  '''  """^'^  ^"^  P°«''-"  of  the'vals    d 

r, iat unship  clear    the  structural   formulae  of  the  varions  members 
should  be  studie<]  side  bv  side,  thus  •  memot  rs 

?-?  ^  HN-CO 


•■€    ••'C-'X^ 

•'N— •»C— N»/ 

Puriii. 

HN-CO 


CO 


CO 


/ 


C-NH 
HN_C-NH 

Uric  aciil. 

HX— CO 


\ 


CO 


C-XH 

il 
HX-C-N' 

\inithiii. 

XH-CO 


*CH 


CH' 


C-XH 

II  ■>CH; 


C(XH) 


C-  N  H 

II 
XH-C-N 

liiinnin. 


jX'H 


HX-C  — X 

ffyi>ojraiithiu. 

X=--=C-XH., 

.-'        I 
CH  C-XH 

\         !l  :->CH ; 

X— C  -  X 

Adtnin. 
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From  a  study  of  these  formulae,  it  will  he  seen  that  jHuin  really  con- 
sists of  two  urea  radicles  joined  together  hy  a  central  chain  of  throe 
carlton  atoms.  It  would,  however,  be  more  accunitc  to  describe  it  as 
consisting  of  a  nuliele  uf  urea  unite<l  with  one  of  alloxan,  which  is  |in>- 
4luced  by  condensation  of  mes-oxalic  acid  with  urea. 


COOH 

NH, 

CO/'             + 
COOH 

XH, 

Mm-oxaJir  acid. 

Urrn. 

-CO: 


CO-  XH 
CO 

I       / 

CO-XH 

Allojiiii. 


C0  +  2H..(X 


These  substances  are,  therefore,  sometimes  namtil  the  alloxuric 
JwHlies.  (For  further  details  of  chemistry,  see  p.  .'Ofi.)  For  convenience 
of  <lescription  the  various  atoms  in  the  purin  ring  are  nnmbere<l. 

The  lowest  oxidation  product  of  purin  is  Hypoxaathin  (fi  oxy- 
purine).  It  occurs  abundantly  in  muscle  extract  (p.  101)  and  in  the 
extracts  of  other  tissues,  and  also  in  the  urine.  It  always  exists 
along  with  Xanthin  which  is  2,  6  di-oxypurine. 

If  the  oxygen  in  hypo.vanthin  he  replacctl  hy  an  amido  group  »> 
amino-purin  results.  This  is  adenin,  and  is  the  chief  purine  bo«ly 
found  in  nuclein  prepared  from  the  thymus  gland.  It  only  exists  in 
traces  in  the  urine. 

A  similar  derivative  of  xanthin  (2  amino  «— oxypurin)  is  call»>d 
guanin.  It  is  the  chief  purine  found  in  nuclein  preptirod  from  the 
pancreas,  and  exirts  in  ceitain  pigments  of  insects  and  fishes.  It  occni-s 
abundantly  in  gwino,  but  only  exists  in  traces  in  urine. 

If  three  oxygen  atoms  l>e  present  we  have  uric  acid  (2,  6.  8  trioxy- 
purin),  and  this  is  the  form  in  which  nearly  all  the  "tissue  purins"  are 
excreted  in  the  urine. 

The  empirical  t'urniulae  for  tl.esc  iMnlies  are  therefore : 

Purin,  C,H^N,. 

/  HyjK)xanthin,  CjII^X/). 
Purin  I  Xanthin,  C.^H,X/\, 

Baaes j  Adt  nin,  C,H^X\XH. 

[(Juanin,  CH.N^OXH. 

Cricacid.         (H.X/).,. 

Of  these  the  uric  aci«<  is  by  far  the  most  abundant  in  uiine,  whereas 
the  purin  bases  are  most  nbundai-.t  in  the  tissues.  In  nictaltolism, 
iherefore,  the  latter  fonn  the  precursors  of  the  former. 

Preparation  and  Proparties  of  Uric  Acid.-KxHKitiMKNr  I  T«. 
100  c.c.  urine  are  adde<l  ft  c.c.  HC'l  (con.),  and  the  uiixture  's  allowwi 
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to  stand  overnight.  It  will  then  he  found  that  a  dark  brown  sedi 
ment,  hke  cayenne  pepper,  has  settled  down,  and  proUbly  also  that  a 
brf)wn  scum  has  formefl  on  the  surface. 

Filter  and  examine  the  sediment  under  the  microisope.  It  consists 
of  large  dark-brown  clumps  of  crystals,  roughly  whetstone  or  barrel- 
shaped  (see  Fig.  ITxi).  These  are  crystals  of  uric  acid  admixed  with 
pigment.  To  purify  them,  add  5  per  cent.  KOH  solution  :  they  (lissolve, 
and  a  brownish  fluid  results.  To  this,  HCl  is  added  till  distinctly  acid 
in  reaction,  and  the  crysUls,  which  now  separate  out,  are  much  les.s 
coloure<l  than  l)efore.  By  re|)eating  this  process  several  times  uric 
acid  may  be  obtained  in  a  fair  state  of  purity. 

EXPKRIMKNT  II.  Hut  if  pure  crystals  are  desiretl,  it  is  necessary 
to  employ  the  solid  urine  of  a  reptile  {t'.ff.  serpent's  urine),  which 
con-sists  of  so«lium  urate,  to  dissolve  this  in  caustic  potash,  and  then 
to  acidify  the  solution  with  HCl,  when  |.ure  uric  acid  will  separate 
out. 

From  these  two  experiments  we  learn  that  uric  acid  exist.s  in 
unne  as  a  salt.  If  this  salt  be  decomposed  hy  a  mineral  acid  the 
liberated  uric  acid,  being  very  insoluble,  is  precipitated. 

Since  uric  acid  contains  two  replaceable  hydrogen  atoms,  it   is   a 
dibasic  acid,  and   may   be   represented   by   the   formula  H.,U.     Con- 
sequently it  may  form  an  acid  salt— MHU— in  which  only  one  H 
atom  is  replaced  by  a  monad,'  or  a  neutral  salt  -M,,U— in  which  they 
are  both  replaced.     A  third  ,sidt  exists,  namely  one  containing  acid 
urate  combined   with  uric  acid,  and    having,    therefore,    the   general 
formula  MHU,  H.,U.     This  double  salt  is  callwl  a  qujuiriurate  and  is 
the  form  in  which  uric  acid  exists  in  newly  passed  urine.     This  salt  is 
much  more  soluble  than  uric  acid,  but  if  its  percentage  in  the  urine  be 
high  (as  occurs  in    the   concentrated   urine   pjissed  during   exces.sive 
sweating),  it  is  thrown  down  as  an  amorphous  precipitate.     In  the 
presence  of  water,  however,  these  quadriuratcs  split  up  into  luic  acid, 
which   is  prcei|)itated   in    cayi^nne-pepper  like  crystals,    and    biuiates, 
which  are  very  soluble  and  remain  in  solution.     A  sinnlar  reaction 
occurs  in  urine,  though  here  it  is  somewhat  retarded  by  the  presence 
of  acid  phosphates,  which  tend  to  coiuiteract  the  (lecomposing  force  of 
the  water.    The  biuratc,  which  goes  into  .solution  in  the  above  reaction. 
is  acted  on  by  tiie  acid  pho-sphates,  and  the  tjuadriuratc  is  again  fonnetl, 
to  be  again  decomposed   into  uric  acid  and    biurate.      Thi.s   proces,s 
proceeds  until  all  the  urates  have  been  precipitated  as  uric  acid. 

KxPKUiMKNT  ill.      Press  some  fjiiadriurate  crystals  on  a  slide  by 
means  of  a  penknife;  shak-  off  ail  which  do  not  adhere  to  the  glass— 
'  111  tiiew  eqii  iiioua  .M  sUiio.s  toi  the  iiioji.ul  lMu.e. 
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cover  dry  with  a  cover  slip.  Examine  under  the  micro8co{H;,  and  note 
that  the  .lUfidriurate  exists  as  amorphous  granules ;  now  run  some 
water  under  the  cover  slip  and  note  the  almost  instantaneous  separation 
of  unc  acid  crystals  (thick  needles  with  square  ends). 

These  processes  may  be  represented  by  the  following  e(,uation8 : 


I.    H,U.MHU   +   water 
Quadriurate. 


II.     2MHU    + 

Acid  urate.     Acid  phovphate 


MH,PO,      = 


H.,U  +  MHU. 

l-'ric  acid  Airid  urate 

(<lepo8ite<I).      (goea  into  solution). 

H.,U.MHU  +  M.,HPO,. 

Quadriurate     Alkaline  phonphate. 
(again  decoinpones 
according  to  1. ). 


It  must  be  jKjinted  out,  however,  that  it  is  just  as  probable  that  the 
unc  acid  IS  excreted  as  the  biumte,  and  then,  by  equation  No   II 
changes  into  a  qn*drinr;te,  when  it  will  be  decomposed  according  U. 

The  following  arc  the  most  imiwrtant  rmcti&n,^  of  m-ic  acid. 

Experiment  1\.  The  Murexide  Te.t.-Place  some  uric  acid 
crystals  or  some  serpent's  urine  in  a  capsule,  add  a  few  drops  of 
dilute  nitnc  acid,  evaporate  .Imrl;/  to  dryness  ..n  a  water  bath  A 
yellow  residue  is  obtained  (consisting  partly  of  olloran,  see  p.  255)  By 
adding  a  drop  of  ammonia  to  this  a  deep  purple  colour  results,  which 
.8  changea  to  blue  by  adding  caustic  soda.  This  reaction  is  due  to  the 
alloxan  changing  into  a  bfxly  called  ammonium  purpurate 

Another  way  of  doing  the  test  is  to  Imve  the  .Iry  yellow  residue  on 
the  water  bath  till  it  turns  re<I,  and  then  to  dissolve  it  in  distilled 
water,  when  a  purple  solution  will  be  i)roduced  without  adding 
ammonia.  " 

Experiment  V.     The  last  test  should  be  repeated  with  some  urine. 

h^-PKKiMENT  VI.  Uric  acid  has  the  power  of  reducing  metallic 
oxides  HI  alkaline  solution.  This  may  be  demonstrated  bv  K»« 
following  tests.  Some  urate  is  dissolved  in  weak  sodium  car- 
bonate ...iut.on,  which  is  then  poured  on  to  a  piece  of  filter  n^iper 
moistened  with  a  solution  of  AgNO,  A  black  .tuin  of  reduced  siker 
n>8.,lt.s.  This  is  called  Schifls  reaction.  In  the  presence  of  neutml 
salts,  and  more  especially  of  magnesium  mixture  (.MgC'l,  NH  Ci 
NH.HO),  the  uric  acid  and  other  purin  bwlies  unite  with  'the 
silver  to  form  a  double  .salt.  This  s^ilt  sepamtes  out  as  a  gelatinous 
precipitate,  and  is  much  employed  for  quai.titatively  estimating  the 
purm  bodies  (Salkowski's  mctho,!).  T  ric  acid  can  also  exercise  its 
reducing  powers  on  ciipric  salts  in  alkalmo  solution. 
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ExPKRIMKNT  VII.  By  applying  Trommer's  test  to  hii  alkulino 
golittion  of  iiric  acid,  it  will  be  noticed  that  re<iiiction  ensues.  The 
reduction  precipitate  is,  however,  of  a  dull  hrowii  colour  instead  of 
being  yellowish  re<l  as  it  usually  is.  This  is  Itecause  a  certain  amount 
of  the  cuprous  oxide  unites  with  some  of  the  uric  acid  to  form  a  hrown 
compound. 

Quantitative  Estimation  of  Uric  Acid  in  Urine. — In  this  cnuntry 
the  usual  method  adopted  is  that  of  Hopkins',  the  principle  of  which 
is  as  follows  The  uric  acid  is  precipitatetl  as  ammonium  urate  }>y 
saturating  the  urine  with  ammonium  chloride  crystals.  The  unite 
is  then  collected  on  a  filter  paper,  washed  with  ammonium  chloride  or 
sulphate  solution,  and  <lissolvcd  in  warm  water.  The  dissolved  urate 
is  then  decomposed  by  adding  a  strong  mineral  acid,  and  the  acid 
thereby  liberated  either  c<-llected  and  weiRhetl,  or  titrated  with  a 
standard  solution  of  permanganate  of  potassium,  which  it  decolouris'js 
(see  p.  460). 

Metabolism  of  Pnrin  Bodies. — The  urinary  purin  ItfKlies  are  derived 
from  two  sources,  the  fooil  and  the  tissues.  That  portion  which  conies 
from  foo<l  is  called  the  exoijenoiix  moioty ,  the  jwrtion  which  comes  from 
the  tissues  the  em/dijemms  moiety. 

The  ExiHfeiuius  Moieti/  arises  from  fofnl  siufTs  containing  purin 
bodies.  These  may  exist  in  the  food  in  three  states:  (1)  in  combination 
with  albumin  and  phosphoric  acid,  as  nuclein  {e.g.  in  sweetbreads,  or 
other  cellular  tissues,  p.  179),  (2)  in  a  free  state,  as  in  mtiscie  extiact, 
(p.  4.39) ;  (.3)  as  a  methyl  derivative  of  purin,  such  as  thein,  thcobromin 
and  caffein. 

The  purins  of  the  first  two  groups  (i.e.  guanin,  adenin,  hyi)Oxanthin 
and  xanthin)  are  oxidised  in  their  piissage  through  the  organism  into 
uric  acid,  and  appear  in  the  urine  as  such,  whereas  those  of  the  third 
gn>np  lose  their  methyl  radicle,  antl  are  excreted  as  xanthin  and 
hypoxanthin  in  the  urine. 

Tht  whole  of  til"  i'dnrnistcred  purin  does  not,  however,  reappear 
in  the  urine  a  coti>i<'i  fraction  being  further  broken  down  by  a 
splitting  of  the  )>  si  ;■,  ring,  the  decomjjosition  products  being  probably 
excreted  as  urea  h\  the  case  of  hypoxanthin  and  xanthin  (which 
are  the  purins  existing  in  muscle,  liver  and  spleen)  about  one  half 
reappears  in  the  urine,  wh -reas  in  the  case  of  adenin,  and  probablv 
quaiiin,  only  oik-  J*i>t»rth  can  He  recovered.  In  the  ca.se  of  the  methyl 
deiivatives,  about  one  tbinl  can  Ik-  reco\ ere<l  as  pniin  bases. 

The  E»'i<»jenoH.<  Moirti/. — This  can  l>e  estiniateil  by  pi.Minij  the 
|)er8on  on  a  purin  free  diet  such  as  bread,  eggs,  milk,  eh' i  ,  and 
butter.     It  usually  amounts  to  0-6  grammes  in  the  twenty-ffmr  hours. 
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and  hw  been  found  to  remain  constant  in  the  same  individual  under 
similar  comlitions,  although  it  may  vary  in  different  individuals.  It 
IS  not  affected  by  varying  the  amount  of  the  diet  provided  always 
that  this  l>e  purin  free.     This  can  l,e  seen  from  the  following  table : 


Dm. 
Containing  purin  botliea, 

Alloxurie  bodiM 
excretwi  in  urine. 

1-017  gr. 

Total  nitrogan 
Gxvrutwl  In  urine. 

I. 

16-8  gr. 

II. 

Containing  aame  amount   of  nitrogen, 

but  no  purin  botlies, 

0-608  gr. 

18-2  gr. 

III. 

ConUining  half  aa  mucli   nitrogen  as 

II.,  but  no  purin  botliea,  . 

0-609  gr. 

9-0  gr. 

IBurian  and  SekuvJ. 

ll 


Thi«  endogenous  moiety  comes  from  the  nuclein  of  the  tissues  but 
just  as  in  the  case  of  the  exogenous  moiety,  the  whole  of  the  liberated 
punn  does  not  reapj.uu  in  the  mine,  a  cert^iin  amount  undergoinr 
rupture  of  its  purin  „„^,  and  »M>ing  excreted  probablv  as  urea.  The 
fmction  which  ,s  thus  further  decomposed  varies  in"different  si>ecies 
ot  anima).  man  excreting  as  urinary  puriim  one  half,  caniivora  only 
one  twentieth;  and  hcrbivora  (rabbit)  one  sixth.  In  different 
individuals  of  the  s^inie  species,  however,  this  factor  remains  constant, 
8o  that  we  can  tell  accr.rat.Iy  how  much  purin  has  been  set  free 
in  the  organism  by  multiplying  the  «d.>genous  moiety  by  •>  for 
man  or  by  2.)  for  can,i.o.H,  or  by  fi  f«r  herb,von».  The  chief  organ 
"1  which  this  destruction,  both  of  exogenous  and  enuogenous  purfns 
ensues  IS  the  liver.  '  ' 

If  the  endogenous   moiety  l>e  ca).  i.ated   out    f..r  .-aeh   kilo   bodv 
weight,  it  will   b..  fo„nd   that  it  is  „eat,.  i„  ,n-..ts  than  in  adult. 
This  ,s  nrob^ibly  ..,:     c.  ..e  fact  th.t  the  tissue  metabolisn.  i«  more 
active  in  the  former,  and  conseiuently  n.ore  „„elei,i  is  brokea  d..wn 
In  cei-u,n  blood  diseases  also  {e.,,.   where  the  numbc-  ot  iLc  ik,1v- 
mor,.hous  nucleated    leucocytes  is  increased)  an   increase  i.  notict.i 
in  this  Ir.  ....  .  however  it  is  not  the  leucocyto-sis  which  causes 

the  punn  ircrenBe,  but    .tJ..    .'.e  Icuc.Kyto^is  an.l  purin  increase  are 
both  <lue  to  some  n.eti.r>oIic  chaiig,«f  ;.-.  tiic  bloo<l  glan<ls  ' 

mppT>-ic  And.-  in  V    hivoro,i.s    .  imals  a  large  am,.unf  of  „itn«en 
* '     vci-eted  a.  h.^^p,  ric  acid,  but  in  mn  and  the  carnivora  only  traces. 

'.n  .  .a«.  of  i.,ro,^ia  (where  th-,  k    ,-ocyat8  were  re.luce.l  to  one  fifth  the 
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Chemically,  hippuric  acid  conwstH  of  a  comhiimtioii  of  Itcnzoic  acitl  and 
jrlycocine,  ami  am  tte  prepared  arlitieiHlly  by  heating  thews  two  ttodies 
together  in  u  vlose<l  tulte. 

CH,  -NH..  CH.,-  NH-CO-C,H,+  11,0. 


+  C„H,CO()H 


COOH 


■  t;iike 
la  liie 


COOll 

(lllfriu.  HfM'.oir  nriil.  Hi/ipiirir  o. .'./. 

The  reason  why  't  exists  in  the  urine  of  herhivora  is,  t!.  it  l! 
aromatic  boclies  in  their  food  ;  these  are  oxidiHcd  to  b«-nr.t'  /• 
tissues,  and  this  thei:  conihincMi  with  glycin  to  form  hippn  >r  ttt'(1.  In 
man,  etc.,  there  is  very  little  aromatic  Ixnly  in  the  f<Mxl,  and  conse- 
quently, most  of  the  glycin  comli.'nes  with  cholalic  aei<l  to  form  one  of 
the  bile  salts  (see  p.  ii.J.'J).  The  synthesis  of  hippuric  acitl  takes  place  in 
the  kidney,  as  has  been  shown  by  perfusing  the  excisetl  kidney  with 
delibrinated  blood  containing  the  two  precui-sors.  A  similar  experi- 
ment with  any  otiier  organ  yields  no  hippuric  acid. 

Oreatinin. — It  will  be  remembere<l  in  connection  with  creatin 
(see  p.  20.'>)  that  one  of  its  reactions  is  that,  by  sUnding  in  acid  solution, 
it  loses  a  molecule  of  watei-,  and  changes  into  crealinin. 

NH,  NH 

/  / 

C(NH)  — H..O=C(NH) 

CH,  ■  \       Vi], 

■N<      ■  N- 

CH.,COOH  CH,-^'U 

Cruatin  Crtatiiiiii 

(methyl  guan'  'mi  acetic  acid).  (aiihydrule  of  cit  .tin). 

When,  from  any  cause,  the  urine  reacts  alkaline,  treatin  is  excretwl 
instead  of  cieuiiniii.  It  is,  therefore,  the  reaction  of  the  urirp?  whuh 
detern\ine8  in  what  form  this  base  will  be  excrete*!.  It  <iin  be 
detected  by  the  following  test : 

KXPKRIMKNT  VIII.  Weyl'BEeaction.— Totivec.e.  ofuriiitart.i  ided 
four  or  five  drops  of  a  very  dilute  .solution  of  smlium  nitroprusside,  so 
that  the  original  colour  of  the  urine  remains  uiichange<l.  If  a  weak 
solution  of  caustic  potash  be  now  added  drop  by  tlrop  a  rubyml 
colour  results,  quickly  changing  tt  yellow.  If  an  excess  of  acetic  acid 
Imj  added  and  the  solution  boiled,  a  greenish  to  blue  colour  results, 
and  after  standing  some  time  a  blue  sediment  (IVussiaii  blue)  settles  to 
the  bottom  of  the  tube. 

Aceton  give;,  a  .similar  colour  with  the  nitroprussidc  anil  alkali, 
which,  howc-  er,  does  not  become  yeHiw  on  standing,  or  even  after 
adding  acetic  acid. 


A  ^..^-i' 
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C'reatinin  poM<.H,e..  to  «  certain  extent,  the  power  of  mincing 
metallic  oxide,  in  alkaline  solution,  and  thi.  mu»t  In,  remembtTed  a.  a 
poMiblo  source  of  fallacy  in  testing  for  dextrose. 

Its  signiHcance  in  metoMisni  has  h-en  dcscribe.1  on  p.  TV  where  it 
was  pointed  out  that  it  comes  fmn,  two  s<,Hrcc»,  and  that  it  upp,.H  s 
probabU..  that  the  .xoyenms  portion  i,nderg,K5s  a  .lifTeront  meUbolisn. 
from  the  emlmje,,,,,,..,  the  former  having  ceruinly  nothing  to  do  with 
the  metaU,hsn,  of  urea,  the  latter  probably  being  an  intermediate  lK>.ly. 
which  ttfterwarfs  becom,- ,  broken  down  into  a  body  containing  most  of 
the  carb.,n  and  an  ammonia  derivative,  which  then  becomes  trai.s- 
formerl  into  urea. 

The  Fm  AaiiiioiiU._Thi8  in  .letermined  by  placing  »  measured 
quantiiy  of  urine,  made  alkaline  with  lime-water,  under  a  l^jll-jar  in 
which  is  a  flat  dish  conUining  a  measure.!  .luantity  of  "  H^SC) 
The  alkali  slowly  expels  the  free  ammonia,  which  is  absorbetl  by  the 
acid,  and  can  he  determined  by  titration.  As  mentioned  on  p  T.^  the 
urinary  ummoM.a  in  increasetl  in  certain  liver  diseases.  It  is  als., 
...creased  afte.-  the  adiuinistration  of  certain  ammonia  salts  (see 
A<lvanced  Course).  ^ 


CHAPTEK  XVIII. 
THK  INORGANIC  SALTS  OF  URINK.      URINARY  DKPOSITS. 
Chlorides.— The  chief  Iwise  is  80<lium. 

Exi'KKiMKNT  I  Ad.l  to  u.ine  a  few  drops  of  nitric  acid,  and  then  a 
sohitio,.  0  .s.h  r  nitrate.  A  white  precipitate  (AgCl)  is  pnHluced 
soluble  in  ammonia.  The  nitnV  acid  preve.its  the  phosphates  bein,r 
precipitate*!  by  the  silver  nitiate.  ^ 

Chlorides  are  .l.rived  mainly  fro,.,  the  food,  and  they  have,  there- 
fo.e,  very  httle  significance  in  metabolism.  The  ,.ercentage  of  sotlium 
chloride  in  the  bl<K^|  is  a  very  constant  one,  and,  if  it  should  rise  above 
Its  normal  level  (as  by  taking  much  common  salt  in  the  diet)  the 
excess  .3  ai  once  drained  off  in  the  urine.  In  certain  diseases  where 
ettus.ons  cK:cur  into  the  tissues  (as  in  pneumo.na  or  pleurisy)  the  per- 
centage ,n  the  bloo<l  falls  below  normal,  and  less  is  excreted  inVhe 
urine,  but  afterwards,  when  the  effusion  is  bei.ig  reabsorbed  Into  the 
bl^d,  the  percentage  again  rises  an<l  an  excess  appears  in  the  urine 
Phosphates. -These    are    mostly   alkaline    phosphates    (NaH  PO 


Twiirrs 
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\a,HP(),  and  similar  Mitfl  of  poUuMium),  but  there  are  alw)  ciirrh; 
|)htwphnt«8  (i.e.  ol' calcium  and  magiicnium). 

ExKKRiMKNT  II.  To  (Utcct  th»  Total  PhiMphatM.~Add  to  urine  an 
equal  hulk  of  nitric  acid,  hii«1  then  half  it*  hulk  of  iiii  acid  Molution  of 
Hmmoiiium  molybdate  ;  warm  to^f)'  V.  ;  a  yellow  cryntalline  prt'cipitato 
of  animoiiium-molyhdo-|)hfW|>hate  »c|iartttc!«  otit. 

Kxi'KKiMKNT  III.  To  Mpante  the  Earthy  from  the  Alkalino  Phos 
phatM.  -Make  urine  alkaline  with  ammonia,  and  allow  to  ntand  fur 
about  half  an  hour.  A  white  precpitate  of  calcium  antl  niaj^nesium 
phoxphateM  nettles  <lown  ;  filter,  dissolve  the  precipitate^  in  nitric  acitl, 
and  add  to  this  solution  nome  molylxlate  of  ammonium  and  warm — a 
yellow  precipitate  results. 

Most  of  the  urinary  phosphates  come  from  the  fcxxl,  but  a  certain 
proportion  is  derived  from  the  nu-talHtlism  of  iiuclcin.  In  onler  to 
determine  these  nuclcin  ph<«phates,  it  is  necessary  to  estimate  the 
amount  of  free  phosphates  given  in  the  food,  and  then  to  deduct  this  from 
the  amount  excreted  in  the  urine  and  faeces,  and  the  difference  (i.e.  the 
excess  excreted  to  that  administered)  corresjwnds  to  that  tleriveil  from 
the  deci>n)[K)8ed  nuclcin.  If  the  alloxuric  Inxlics  be  simultaneously 
estimated,  it  will  be  found  that  their  amount  bears  a  constant  ratio  to 
that  of  the  phosphates,  since  they  are  lioth  derived  from  the  same 
source. 

8ulp^ate8. — These  have  a  bitter  taste,  in  consecjuence  of  which  they 
are  not  taken  to  any  extent  in  the  diet,  so  that  those  excreted  in  the 
urine  arc  derive<l  from  the  sulphur  of  broken  down  tissue  proteid.  It 
will  be  remembered  that  proteid  contains  1  j>ercent.  S  and  16  |)er  cent. 
X,  and,  if  it  be  true  that  lM)th  tliese  elements  in  the  excreta  represent 
end  products  of  proteid  metabolism,  a  similar  ratio  should  exist  in  the 
tuine.  This  is  actually  the  ca.«*e,  the  ratio  of  HjS<)^  to  N  being  alwut 
1-6.  A  determination  of  the  sulphates  provides  tis,  therefore,  with  a 
very  valuable  control  in  estimating  proteid  metalKjlism,  and  is,  indeed, 
the  (mil)  means  by  which  we  can  determine  the  influence  of  non-proteid 
nitrogenous  ImkHcs  on  the  metabolism  of  tissue  jMoteid.  AlM)ut  90  per 
cent,  of  the  sulphuric  acid  is  excreted  in  combination  with  alkalies  - 
the  inorganic  snlpliates;  ami  about  lO  i)cr  cent,  in  co-  'lination  with 
organic  bodies  absorbed  from  the  intestine— tin;  etherea'  •>  'Iphates. 

F^XPKRIMKNT  IV.  To  abf  ut  ti  c.c.  of  urine  aild  an  e(iual  b\dk  of 
alkaline  liarium  chloride  solution  (a  mixture  of  2  vols.  Ba(OII).j  and 
1  vol.  BaClj).  A  precipiUite  of  barium  sidphate  sejmrates  out.  Tbis 
corresponds  to  the  inorganic  siUphates.  Filter,  acidify  the  filtrate  with 
hy<lrochloric  acid,  and  boil— a  second  precipitate,  not  so  marked  as  the 
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first  one,  separates  out.     This  corresponds  to  the  ethereal  sulph^ttes, 
whjch  have  been  decomposed  by  boiling  with  the  acid. 

To  determine  the  total  sulphates,  it  is,  therefore,  necessary  to  boil 
the  unne  with  hydrochloric  acid  before  adding  the  barium  .?~.lt. 

The  organic  radicles  with  which  the  acid  combines  are  chiefly  phenol 
and  indoxyl,  which,  it  will  be  remembered,  are  produced  in  the  intestine 
by  the  action  of  bacteria  on  proteids.  Only  a  fraction  of  these  is 
absorbed  into  the  blood,  where,  on  account  of  the  fact  that  they  are 
poisonous,  they  are  at  once  combined  with  sulphuric  acid  to  form  an 
acid  salt,  and  this  then  combines  with  the  alkalies  to  form  a  neutral 
salt  which  IS  non.poisonous,  and  is  excreted  as  such  in  the  urine  The 
excretion  of  these  ethereal  sulphates  becomes  enormously  increased 
where  excessive  bacterial  digestion  is  taking  place  in  the  intestine  (e.g. 
in  mtestmal  obstruction,  typhoid  fever,  etc.  See  Advanced  Course, 
p.  452.)  ' 

Carboiiat«8.-These  are  never  found  in  the  acid  urine  of  a  normal 
diet,  but  if  the  diet  be  purely  vegetarian,  and  as  a  consequence  the 
urine  react  alkaline,  they  occur  in  considerable  amount.  They  are 
.letected  by  the  fact  that  they  cause  the  urine  to  effervesce  on  the 
addition  of  a  mineral  acid.  They  are  derived  from  the  carbonates 
and  organic  acids  contained  in  vegetables.  They  are  usually  combined 
with  the  alkalies,  but  if  they  should  be  combined  with  the  alkaline 
earths  they  cause  a  cloudiness  in  the  urine. 

URINARY  DEPOSITS. 
As  it  is  voided  the  urine  is  quite  clear,  but,  on  standing  some  time  a 
Bailment  usually  separates  out,  and  this  varies  somewhat  under  different 
conditions. 

Acid  urine  frrnn  a  henlthy  person  may  depoHt  ihe  fdhwing  \ 

1.  Urates  (see  p.  i>.56).— The  sediment  has  a  chalkv  appearance  and 
IS  usually  tinged  reddish.  It  disappear,  on  warming  the  urine 
Examined  microscopically  it  is  generally  amorphous- yM^fimm/fts— but 
may  show  a  crystalline  structure— (/r/rf  «>(»/«— usuallv  as  needles,  or 
as  iNills  with  spines  projecting  from  them  (Fig.  157). 

2.  Uric  Acid. -This  may  be  split  off  from  the  urates  as  described 
on  p.  258.  It  appears  as  a  cayenne  pepper-like  sediment,  and  has  a 
definite  crystalline  appearance  under  the  microscope  (Fig.  156).  The 
crystals  may  vary  much  in  shape,  but  are  always  large  and  tinged  a 
reddish  colour.  The  most  usual  8ha|)es  for  the  crystals  to  assume  are 
"sheaves,""  whetstones,"  "rhombic  tables,"  and  sometimes  "dumb- 
bells."   The  presence  of  the  crystals  does  not  necessarily  indicate  an 
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I'm.  157.— Sodhim 
urate.     X  350. 


Fui.   ISS.— fy»tiii. 
X  340. 


Kio.  l.V.l.— Caliium 
c'ar)>on»t«  (from 
hiimiiu  iiiinu). 
X  40(1. 
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increased  excretion  of  uric  acid,  but  is  usually  due  to  a  more  rapid 
decomposition  of  urates. 

3.  Oalcinm  Oxalate.— This  is  usually  a  scanty  deposit,  adhering  to 
irregularities  on  the  surface  of  the  glass  of  the  urine  jar,  or  forming  a 
glistening  layer  on  the  top  of  the  mucous  deposit,  that  settles  at  the 
bottom. 


Kio.  160.— Calcium  oxalate,     x  500. 


The  crystals  are  insoluble  in  acetic  acid,  which  reaction  distinguishes 
them  from  phosphates  or  carbonates.  They  are  also  insoluble  in 
ammonia,  which  distinguishes  them  from  urates. 

Microscopically  they  are  seen  to  be  very  'small  octahedra,  often 
flattened  along  one  axis,  m  that  they  appear  like  squares  with  diagonal 
lines  (hence  called  "  envelojie  "  crysuls,  Fig.  160). 

4.  Stellar  Phosphites  (Fig.  161). 

Mi,l  urine  from  a  pemm  suffering  from  disease,  or  duriw,  the  administra- 
tton  of  certain  drw/s,  mnj  deposit : 

1.  CJystin.— This  forms  a  deposit  somewhat  like  that  of  qnadriurates. 
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Microscopically,  however,  it  shows  a  distinct  crystalline  structure 
consisting  of  hexagonal  colourless  plates  or  slabs  (Fig.  158). 

2.  Lancin  and  Tyroain. — Though  very  rarely,  these  two  bodies 
sometimes  occur  in  urine  (e.g.  in  severe  hepatic  disease),  where  their 
iippearance  is  similar  to  that  in  a  pancreatic  digest  (see  Fig.  14H). 


Fill,  lill.— Stellar  phoaphate  of  calcium,     x  VX). 

3.  Hipporic  Acid. — This  may  appear  in  urine  during  the  administra- 
tion of  benzoic  acid.  It  crystallises  in  four-sided  prisms.  It  is  quite 
common  in  the  urine  of  herbivora. 

In  Alkaline  Urine  thefollmoing  iiuiji  occur : 

1.  Phosphates. — Of  these  there  are  two  kinds,  viz.,  phosphate  of 
calcium  and  ammonium-magnesium  pho.sphate. 

(rt)  Phosphate  of  calcium. — The  sediment  is  chalky  and  nc»er 
pigmented ;  it  clears  up  on  adding  a  few  drops  of  nitric  acid ;  it  is 
increased  by  boiling.  Microscopically  it  is  usually  amorphous,  but 
may  exist  a.s  long  pri«m.at!c  cry.stals  arranged  in  star-shajied  clusters, 
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hence  called  Stellar  Pho^phntes  (Fig.  161).     The  crystalline  form  may 
also  occur  in  faintly  acid  urines. 

{b)  Ammonium-Magnes'um  Phosphate.— When  urine  gets  stale  and 
ammonia  develops  in  it,  a  white  sediment  and  »  white  surface  film 
form.  Under  the  microscope  these  are  seen  to  he  made  up  of  large 
clear  cr^  itals  like  "knife  rests,"  or,  if  excess  of  ammonia  be  present 
they  may  look  like  "feathtry  stars."  This  latter  type  can  be  easily 
gf>t  by  adding  ammonia  to  normal  urine  (Fig.  162). 

2.  Binnte  of  Anunonla.— This  looks  like  the  biurate  of  soda 
crystals,  but  is  associated  with  crystals  of  ph.-.phates,  and  occurs  in  an 
alkaluie  urine. 

3.  Carbonateg.— In  the  urine  of  vegetarians  these  are  not  uncommon 
The  unne  effervesces  on  adding  acetic  acid.  Microscopically  the  sedi- 
ment IS  usually  amorphous,  but  may  exist  as  liiscuitshaped  crystals 
or  as  dumb-bells  (Fig.  169). 


CHAPTER  XIX. 
PATHOLOGICAL  URINE. 

I.  Proteids  in  the  Urine-Albmninuria. -Traces  of  mucin  or  nucleo- 
ilbumin  may  be  added  to  the  urine  in  its  passage  along  the  urinary 
tract,  but  otherwise,  healthy  urine  does  not  contain  any  proteid.  Where 
the  kidneys  are  diseased,  however,  a  certain  amount  of  the  plasma 
proteids  leak  into  the  urine,  where  they  can  be  recognised  by  certain 
tests,  the  condition  being  called  Albuminuria. 

Also  when  proteids  other  than  serum  albumin  and  globulin  gaiu  access 
to  the  blood,  they  are  at  once  excreted  into  the  urine.  It  is  on  this 
account  that  albuminu^a  results  after  the  consumption  of  a  large  num- 
ber of  raw  eggs  (egg  flip),  because  the  intestinal  epithelium  allows  a 
certain  amount  of  the  unchanged  albumin  into  the  blood,  where  how- 
ever, It  IS  foreign  (in  being  egg-  and  not  serum-album-n),  and  is  conse- 
quently immediately  picked  out  by  the  kidneys.  In  disease  c  f  the  red 
bone  marrow,  a  body  somewhat  similar  in  its  reactions  to  an  i.lbumose 
IS  added  to  the  blood  and  is  excreted  by  the  urine  (Bence  Jones' 
Albumosuria). 

Although  globulin  may  occur  along  with  albumin  in  the  urine  or 
even  m  some  cases  independent  of  it,  it  is  of  no  practical  importance  to 
distinguish  between  them,  so  that  the  tests  about  to  be  described 
include  bt   h  bmlics. 
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miests  employwl,  depend  on  certain  of  the  reactions  deP  i  ,  under 
proteids  It  .8  obvio,i8,  of  course,  that  the  colour  reactior  ...II  not  b.- 
apphcable  to  the  urine,  tho.e  employed  depending  on  the  prcluction  of 
coagula.     The  most  important  of  these  are  • 

1  Heat  Oo.^tion.-Ex,.KR.MENT  I.  Place  some  clear  urine  in 
a  test  tube,  acidity  faintly  with  10  per  cent,  acetic  acid  (2-3  dro^ 
are  usually  sufficient).  Boil.  A  white  turbidity  or  coagulum  develop. 
Boiling  might,  however,  also  cause  a  precipitation  of  earthy  phosphates. 
To  decide  which  of  these  two  bodies  really  produces  the  reaction,  add 
one  or  two  drops  of  concentrated  nitric  acid.  If  it  be  phosphates  the 
turbuhty  will  at  once  disappear,  if  albumin  the  coagulum  will  remain. 
AVhere  there  is  doubt  as  to  the  occurrence  of  a  haze,  the  test  tube 
^°w,^  u  ''"•««-1"''rters  filled,  and  only  the  upper  layer  should 

be  boiled,  the  test  tube  being  meanwhile  held  low  down.     By  holding 
It  agamst  a  dark  background  the  slightest  haze  becomes  very  evident 

bineath  °"  '"'*'*'""'  °^  '°"'™'   ""''^   '*'*   ""^"^^  '*y" 

.  t  =•""'■  T^^-EXPKRIMKNT  II.     Place  some  clear  urine  in  a  test 
tube.    Hold  the  test  tube  in  a  slanting  jxjsition,  and  allow  ccncentmted 
pure  nitric  acid  to  run  very  shndy  down  the  side,  so  that  it  forms  a  layer 
underneath  the  urine.     Where  the  two  meet,  a  sharp  white  ring  (of 
coagulated  proteid)  is  formed.     The  test  may  also  be  done  by  placing 
the  n.tnc  acid  first  in  the  test  tube,  and  covering  this  with  the  urine 
slowly  delivered  from  a  pipette.     The  ring  does  not  disappear  on 
warm.ng.    A  similar  ring  may  be  obtained  when  proteoses  are  present, 
but  in  this  case  the  ring  clears  up  on  gently  warming  the  test  tube,  and 
reappears  on  cooling.     In  warming,  very  great  care  must  be  taken  that 
no  nnxing  of  the  two  layers  occurs.     When  mucin  is  present  in  excess 
a  dt^^  haze  m^y  be  produced  in  the  portion  of  urine  next  the  acid 
Also  when  the  urine  is  very  concentrated  acid  urates  or  urea  nitrate 
crystals  may  develop  and  simulate  the  reaction.     In  these  cases,  the 
urine  should  be  diluted  with  two  or  three  times  its  bulk  of  water,  and 
the  test  reapplied,  when  very  little  doubt  Mill  remain  as  to  the  reaction. 
.1  Sahcyl-Sulphonic  Acid  Te8t.-This  is  perhaps  the  most  delicate  of 
all  tne  tests. 

EXPKRI.MENT  III.  Add  to  about  10  c.c.  of  urine  a  drop  or  two  of  a 
saturated  solution  of  pure  salicyl-sulphonic  acid.  A  white  precipiUte 
results,  which  on  Iwiling  changes  into  a  number  of  coaguia. 

This  reaction  occurs  in  a  dilution  of  1-230,000  albumin  The 
only  other  body  with  which  this  reagent  produces  a  precipitate 
wamT"'''   '"  '"'"'   ^''''''"''   '^^  precipitate  disappears  on 
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The  reagent,  if  pure,  keeps  indefinitely.  If  impure,  however,  it  turns 
re«l  on  keeping.  It  has  the  great  advantage  over  nitric  acid  in  )>cing 
non-corrosive,  and  therefore  easily  carried  atiout  (Mac William). 

There  ar^*  numerous  other  tests,  but  their  application  is  superfluous  if 
the  almve  )je  properly  applied. 

ProteoMt  are  detected  by  the  precipitates  produced  i>y  nitric  and 
salicyl-sulphonic  acids  clearing  up  on  heating  the 
urine,  and  returning  when  it  is  cooled.  The  8(H»lli>d 
"ulbumose"  in  Bence  Jones'  albumosuria  is  coagu- 
lated by  moderate  heat,  but  redissolves  on  Itoiling 
the  urine.  Albumose  can  best  be  sejNirated  from 
albumin  by  adding  salicyl-sulphonic  acid,  boiling  and 
filtering.  The  coagulated  proteid  remains  on  the 
filter  paper,  and  the  proteose  is  gradually  precipitated 
in  the  filtrate  as  tb"     ^tsr  :;ools. 

QtumtitatiTe  E.  '  T  Albumin. — For  clinical 

purposes  this  is        t  •ians  of  Esbach's  alhumino- 

meter  (Fig.  163).  x  j  i.etermination  is  made  by 
measuring  the  deptii  o;  the  coagulum  produced  by 
adding  Esbach's  reagent  to  the  urine  (a  mixture  of 
10  grms.  picric  acid  and  20  grms.  citric  acid  in  1000 
CO.  distilled  water). 

LXPERIMKNT  IV.  Place  clear  urine,  filterwl  if 
necessary,  in  an  Esbach's  tube  up  to  the  maik  U. 
If  the  reaction  be  alkaline,  render  slightly  acid  by  the 
addition  of  acetic  acid,  and  if  the  specific  gravity  l)e  above  1008 
<lilute  it  with  water  till  this  density  or  something  below  it  is  obtaine<l.' 
Now  add  the  reagent  up  to  the  mark  N.  Close  the  tube  with 
a  tightly-fitting  cork  and  invert  several  times,  so  as  to  mix  the  fluids 
thoroughly.  Allow  to  stand  in  an  upright  position  for  twenty-four 
hours,  and  then  read  off"  the  graduation  corresponding  to  the  top  of  the 
precipitate.  This  gives  the  number  of  grammes  of  dried  albumin  jjcr 
litre  of  urine  used.  If  the  urine  has  been  diluted  the  necessjiry  calcula- 
tion must  be  made  in  order  to  obtain  the  percentage  in  the  original 
urine. 

II.  Suga.'S  in  the  Urine. — In  the  disease  known  as  diabetes  mellitus, 
the  most  in-portant  symptom  consists  in  the  iletection  of  dextrose  (or 
glucose)  in  the  urine,  or,  in  other  words,  of  the  presence  of  glycosuria. 
This  condition  can  also  be  produ  d  ej-jierimenlalltf :  (1)  Hi/  ptindure  of 
the  floor  of  the  fourth  ventricle.     The  cause  of  the  glycosuria  in  this 

'  These  corrections  should  be  made  before  the  urine  is  measured  into  the 
Eslmch's  tube. 
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condition  being  an  oxcessive  glycogenesis  in  the  liver,  whereby  the 
percentage  of  dextrose  in  the  blood  rises  above  the  normal,  the  exceHS 
being  excrete*!  into  the  urine  by  the  kidneys.  The  glycosuria  ceases 
when  all  the  liver  glycogen  has  been  used  up,  and  it  cannot  be 
produced  by  a  similar  experiment  in  animals  which  have  lieen 
previously  starved,  so  as  to  clear  their  livers  of  glycogen. 

(2)  B>i  ej-tirptition  of  the  Panrmis. — If  the  whole  of  the  pancreas  be 
removed  in  dogs,  glycosuria  is  at  once  established,  and  the  blood  will 
Ik5  found  to  contain  an  excess  of  dextrose.  So  far,  then,  the  cause  of 
the  glycosuria  is  the  same  as  in  the  previous  condition,  viz..  an  excess 
of  sugar  in  the  bloo<l.  If,  after  the  condition  has  existed  several  day3, 
the  liver  \*e  examined  it  will  bo  found  to  be  glycogen-free,  but,  unlike 
the  previous  condition,  the  glycosuria  stil'  continues,  and  in  a  few  days 
it  will  be  noticed  that  the  animal  has  become  markedly  emaciated. 
The  cause  of  the  emaciation  is  that  the  protcid  tissues  are  undergoing 
dissdiution.  That  such  is  actually  the  case  is  seen  by  a  determination 
of  the  urea  excretion,  which  will  Imj  found  to  be  enormously 
increased  in  amount.  In  the  course  of  a  few  weeks  the  animal 
dies  of  emaciation. 

These  results  show  us  that  the  pancreas  must  possess,  besides  its 
digestive  function,  some  controlling  influence  on  the  metabolism  of 
carbohydrates.  What  the  nature  of  this  influence  may  be  is  obscure, 
the  usually  accepted  explanation  being,  that  the  jKincreas  secretes  into 
the  blood  some  substance  which  regulates  the  metabolism  of  carl>o- 
hydrate,  so  as  to  keep  the  percent  ^e  of  dextrose  in  the  bUxxl  at  its 
constant  level.  This  internal  sec. .  .,ion  is  independent  of  the  ordinary 
acinar  cells,  for  it  is  still  produced  after  these  have  been  destroyed  by 
injecting  the  ducts  with  molten  paraffin.  On  tliis  account  it  has  been 
suggested,  that  it  is  from  the  islets  of  epithelial  cells  lying  in  the 
coiuiective  tissue  between  the  acini  that  the  secretion  is  derived. 

It  ij  of  importance  to  note,  that  in  severe  cases  of  natural  diabetes  the 
pitncreas  is  frequently  diseased. 

(;{)  The  administmium  of  iirfain  druga  more  especidUy  of  Phloriihin. — 
The  administration  of  this  drug  is  immediately  followed  by  glycosuria, 
which,  however,  ceases  after  a  few  days.  If  the  liver  be  examined  at 
this  stage  it  will  be  found  that  a  large  proportion  of  its  glycogen  has 
disappeared.  If  a  second  dose  be  administered  the  glycosuria  will 
reappear,  and  will  persist  so  long  as  the  drug  is  administered,  and  even 
after  all  glycogen  has  been  used  up.  After  some  time,  however,  the 
animal  becomes  very  emaciated,  this  being  accompanied  by  excessive 
urea  excretion. 

Unlike  the  two  previous  forms  the  percentage  of  sugar  in  the  blood 
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\n  nnnnal,  or  oven  mib-noriuul.  On  thin  account,  it  is  siipiKMcii  that 
phloridzin  priMluces  ^lycoaunii  )>y  <li)«turl>ing  th«*  eontntiliii);  nicchuniMm 
of  the  kidney,  whereby  the  latter  allows  too  much  iloxtrow)  to  esrafie  into 
the  urine,  in  consequence  of  which  the  |H3rccntage  tfuds  to  liecome 
siilnnormal  in  the  Mood.  Increased  tlemands  iiro  therefore  nia«Ie  on 
the  stored  up  >;lycogen,  which  at  last  becomes  uoed  up,  and  then  the 
.supply  has  to  be  furnishe*!  by  the  proteids,  atul  these  break  down. 
In  lM)th  pancreatic  and  phloridzin  dialtetes,  therefore,  proteid  is  split 
into  its  nitrogenous  and  carbonaceous  moieties,  an<l  these  ap|>ear  in  the 
urint>,  the  former  as  urea,  the  latter  as  dextrose. 

The  other  sugars  which  the  urine  may  contain  are  UctOM  and 
pentoM.  The  former  of  those  is  sometimes  found  in  the  urine  of 
nursing  mothers,  and  the  latter  appears  in  the  urine  whenever  |icntoses 
(Wood  Sugars,  p.  417)  are  given  in  the  fooil. 

Testa  for  Dextrose  in  the  Urine. — The  tests  for  dextrose,  as 
de8cril>c(l,  can,  with  slight  modifications,  be  applie<l  to  its  detection 
in  urine. 

The  most  important  of  these  are  : 

E.XPERIMENT  V.  Trommer's  Test. — Mix  2  c.c.  of  u  weak  solution 
of  cupric  sulphate  with  a  strong  solution  of  caustic  soda  or  |>otash, 
utitil  a  nearly  clear  blue  solution  is  obtained.  Now  add  the  urine  to 
this  until  the  solution  })ecomes  atrnplelely  dear.  Hold  the  test  tul>e  low 
down,  and  heat  the  upper  portion  of  the  Huid.  A  red  precipitnte  of 
cuprous  oxide  falls  down  if  dextnwn  l>e  present. 

Experiment  VI.  Fehling's  Test. — Boil  5  c.c.  of  Fehling's  solution 
in  ord<?r  to  ascertain  that  the  liocheile  sal.  vhich  it  contains,  has  not 
docon.posed  into  reducing  l)odies.  If  no  reduction  occur,  add  a  diop  of 
the  suspected  urine  and  boil  again.  If  no  result,  go  on  adding 
small  ({uantities,  ))oiling  lietween  each  addition,  till  5  c.c.  have  been 
added.  If  no  reduction  now  ensue  no  pittholwjiml  amount  of  sugar  ran  he 
present. 

A  negative  result  with  either  of  these  tests  excludes  the  presence  of 
dextrose,  although  a  positive  result  does  not  necessarily  imply  that  it 
is  present,  since  there  are  several  other  bodies  in  urine,  e.g.  uric  acid, 
creatinine,  glycuronic  acid,  etc.,  which  are  capable  of  reducing  metallic 
oxides  in  alkaline  solution. 

The  percentage  of  these  l)odies  in  normal  urine  is,  however,  too  low 
to  cause  the  reduction,  and  it  is  only  where  a  concentrated  urine  is 
employed  that  there  is  any  chance  of  confusion.  If  the  tests  are 
applied  as  above  described,  the  chance  of  error  is  very  much  lessened. 
There  are,  however,  certain  tests  which  are  given  only  by  dextrose, 
and  these  are : 
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1.  The  FvnnraUtion  TMt.  -  Kxi'KKIMKNT  vh.  \*\ace  muiic  diatietic 
urine  in  a  umall  )>enkcr,  urxi  boil  it  on  a  mini  Imth  for  ten  miniiteii 
(this  expoli  any  air  it  may  contain).  Cool  the  urine  and  teat  it* 
reaction  ;  if  alkaline,  render  faintly  acid  with  u  weak  solution  <»f 
tartaric  acid.  (This  precaution  is  necessary  in  order  to  prevent  putre- 
faction, which  would  lead  to  the  evolution  of  ammonia).  Add  a 
small  piece  (about  the  size  of  a  split  pea)  of  Oorman  yeast,  and  stir 
it  in  the  urine  until  u  milky  solution  is  obtaine<l.  Now  transfer  the 
fluid  to  a  Dorenius  ureometer  (Fi({.  I64>  so  that  the  upright  limb  is 
completely  filled  with  fluid.  Place  this  in  an  incu- 
Itator,  or  in  a  warm  place,  as  on  the  mantelpiece, 
over  night  when  it  will  W  found  that  gas — CO.j — 
has  collected  in  the  up()ei  portion  of  the  vortical 
limb.i 

Two  control  tubes— one  with  a  weak  solution  of 
dextrose  and  yeas^,  the  other  with  normal  urine  and 
yeast— should  be  arrange<l  so  a»  to  prevent  any 
fallacy  due  to  inactive  or  impure  yeast. 

Instead  of  using  a  Doremus'  ureometer  a  test-tulte 
inverted  in  a  trough  of  mercury  may  im  employed. 

Another  method  of  doing  the  test  is  to  place  the 
urine  shaken  up  with  yeast  in  a  flask  so  connected 
that  the  CO^  giis  is  allowed  to  pass  through  lime- 
water. 

2.  The  Phenyl  Hydrasine  Test.— The  method  of 
employing  this  is  described  in  the  Advanced  Course  (see  p.  417). 

Quantitative  lietermination  of  Sugar. — Two  reactions  of  sugar  are 
taken  advantage  of  in  order  to  estimate  the  amount  of  it  present  in  any 
solution.  The  one  dei)end8  on  its  reducing  power,  and  the  other  on  its 
power  of  rotating  jMtlarized  light.  In  this  country  it  is  usually  the 
former  of  these  which  is  employed,  so  that  it  is  the  only  method  which 
we  will  describe  here.  The  principle  and  technique  of  the  polarimetrie 
method  is  described  on  p.  421. 

To  determine  the  reducing  power  of  any  fluid,  the  latter,  diluted  if 
necessary,  is  run  from  a  burette  into  a  measured  quantity  of  boiling 
Fehling's  solution,  which  is  made  of  such  a  strength  that  10  c.c.  cor- 
ri'spond  to  005  grammes  of  dextrose  (see  Appendix).  When  all  the 
blue  colour  of  the  Fehling's  solution  ha.a  been  discharged,  the  number 
of  c.c.  of  fluid  required  is  read  off,  and  the  percentage  calculated 
(Fig.  165). 

'  Tubes,  similar  in  constructiv,..  to  Doremus'  ureometer,  are  prepared  in  which 
the  vertical  limb  is  graduated  in  percentages  of  tiextrose. 


Kki.  im.—  Ureo- 
meter. 
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Exi'KHlMKNT  VIII.  Dilute  Ti  v.e.  of  .liabetir  urine  with  '.(.^  .•(..  „f 
.Iii4tillf<l  water,  Hud  pluce  the  Molution  in  ii  iMirotte.  Place  10  vx.  of 
Fi'hiinj;'*  nolution,  Wilutwl  with  four  or  Hve  tiniea  its  ulk  of  water,  in  u 
[Kiroelain  banin,  anil  hrinj^  it  to  the  Iwil.  ',.  >/  ni  the  dilutwl  urine 
into  the  Fehlinx'H  solution,  Mtirrin^ 
all  the  while,  until  the  tilue  colour 
hat*  <|uite  <ii8uppeare<l.  To  tell  the 
exact  moment  at  which  thiH  occiint, 
allow  the  twuiin  to  stiind  for  ii  minute 
iir  HO  with  the  Hame  removed  ;  the 
precipitate  i'  cuproun  oxide  settles 
to  the  Itottcni,  and  it  can  citxily 
W  Hcen,  hy  tilting  the  })asin  slightly, 
whether  any  blue  tint  remains  in 
the  i«upernataiit  Huid.  When  re- 
diu  tion  is  complete  read  off  the 
number  of  c.c.  of  diluted  urine  re- 
i|uire<l,  and  divide  by  20.  The 
result  gives  the  numl>er  of  c.c. 
of  undiluted  urine  which  cotitair 
00.')  gini.  dextrose.  How  much 
will  100  c.c.  contain  ? 

It  requires  several  trials  before 
anything  like  constant  results  can 
\te  obtained  by  this  method,  the 
ditticulty  Insing  to  hit  the  exact 
moment  when  the  blue  colour  dis- 
appears. It  is  desirable  always  to 
apply  a  preliminary  determination 
in  oi-der  to  find  out  approximately, 
where  special  cat  e  will  be  required 
in  a  second  titration  for  the  exact 
result. 

The  chief  difficulty  in  the  deter- 
mination of  the  end  reaction  is  due  to 
the  presence  of  the  ret!  precipitate,  suspended  in  the  pale  blue  solution. 
In  order  to  obviate  this  difficulty  Pavy  adds  to  the  Fehling'a  solution 
strong  ammonia,  which  has  the  power  of  dissolving  thi-  cuprous  oxide 
as  it  forms,  the  resulting  solution  being  colourless.  The  end  reac  i 
is  then  ea-sily  seen,  but  the  method  ha.s  the  di.sadvantAge  that  fumes  of 
ammonia  are  evolved,  and  the  solution  very  easily  absorbs  oxygen  from 
the  air,  and  reforms  the  cupric  salt.     On  account  of  these  facts  the 


Fni.  liVi.—Apparatua  for  the  Mtlmattuii  of 
■iiKHr  lu  urine. 
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titration  has  to  be  carried  out  in  a  flask  through  the  cork  of  which  pass 
two  tubes,  one  from  the  burette,  and  the  other  to  allow  the  ammonia 
and  steam  to  escape. 

Both  these  disadvantages  are  obviated  by  employing,  instead  of 
ammonia,  a  solution  of  potassium  aifrro-fi/iinide.  This  has  the  power  of 
dissolving  cuprous  oxide,  to  form  a  colourless  solution,  and  the  reduced 
oxide  absorbs  oxygen  so  slowly  from  the  air  that  the  titration  may  be 
carried  out  in  a  basin. 

The  solution  of  potassium  cupro-cyanide  is  prepared  by  adding  to 
10  c.c.  of  boiling  Fehlings  solution,  diluted  with  40  c.c.  of  water,  a 
5  per  cent,  solution  of  potassium  cyanide  until  the  blue  colour  just 
disappears.  What  hapi)ens  is  that  the  double  cyanide  of  potassium  and 
copper  is  formed,  which  is  colourless.  Now,  this  salt  is  not  reduced  by 
dextrose,  but  if  it  be  mixed  with  more  Fehling's  solution  it  in  no  way 
interferes  with  the  redticing  power  of  this,  and  at  the  same  time  it 
dissolves  the  cuprous  salt  whenever  it  is  formed.  To  carry  out  the 
titration  the  above  solution  of  potassium  cupro-cyanide  is  mixed  with 
10  c.c.  Fehling's  solution,  the  further  technique  being  exactly  the  same 
as  described  in  Experiment  VIII.,  the  end  reaction  in  this  case  being  the 
moment  at  which  the  solution  becomes  colourless. 

The  solution,  with  the  excess  of  Fehling's  solution  added,  keeps  very 
well,  and  for  clinical  purposes,  at  least,  should  be  prepared  in  stock.' 

Blood  in  the  Urine — Haematuria.— If  blood  l)e  mixed  with  urine  in 
the  kidney  it  colours  the  urine  brown,  since,  by  being  mixed  for  some 
time  with  an  acid  fluid,  the  haemoglobin  has  been  changed  into 
methaemoglobin.  If  the  urine  be  examined  by  means  of  the  spectro- 
scope the  band  in  the  red,  which  is  almost  characteristic  of  methaemo- 
globin, will  be  seen. 

If  the  haemorrhage  be  from  the  bladder  or  urethra  the  urine  will  be 
coloured  red,  and  will  show  the  spectrum  of  oxyhaemoglobin. 

The  sediment  in  both  the  cases  will  show  blood  corpuscles  under  the 
microscope.  Sometimes,  however,  blood  pigment  occurs  in  the  urine 
without  corpuscles  being  present.  Such  a  condition  is  called 
Haemoglobinaria,  and,  since  the  pigment  escapes  from  the  blood  in 
the  kidney,  it  has  become  changed  into  methaemoglobin  before  the  urine 
is  voided.  Besides  the  spectroscopic  and  microscopic  tests,  there  is  a 
very  delicate  chemical  test  for  blood  called  the  guninc  ted. 

ExPKRiMENT  IX.  To  about  5  C.C.  of  urine  add  two  drops  of  tincture 
of  guaiac.     A  white  precipitate  of  resin  is  obtained.     Now  add  about 

'  The  potassium  cupro-cyanide  may  also  be  prepared  by  adding  pot.  cyanide 
solution  to  a  solution  of  cupric  sulphate.  For  details  of  preparation  of  stock 
solution  see  Sutton's  Volumelric  AnnJiiisis  (ed.  1896),  page  .H7. 
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')  c.c.  of  ozonic  ether,  and  note  that  a  deep  blue  coiour  develops  at  once 
where  the  two  fluids  meet. 

The  reaction  is  said  to  be  due  to  oxidation  uf  the  guaiac,  the 
haemoglobin  carrying  it  from  the  ozonic  ether  to  the  guaiac. 

Bile  in  the  Urine. — When  the  bile  duct  is  blocked  by  a  calculus,  or 
by  swelling  of  its  mucous  membrane  from  catarrh,  the  bile,  which 
iiccuniulates  in  the  bile  channels,  is  reabsorbed  into  the  blood-vessels 
and  carried  to  the  tissues,  which  l>ecome  stained  with  bile  pigment. 
Under  these  conditions  the  urine  contains  bile  constituents,  the  most 
eu-ily  recognised  of  which  are  the  bile  pigments. 

Experiment  X.  Apply  Gmelin's  test  (  i  p.  2.34)  to  the  urine  of  a 
jaundiced  patient.  Where  only  a  trace  of  bile  is  present,  the  reaction 
may  be  made  more  delicate  by  first  of  all  filtering  the  urine  through 
white  filter  paper,  and,  when  all  has  filtered  through,  applying  a  drop 
of  fuming  nitric  acid  to  the  stain  on  the  filter  pai)er.  The  play  ut 
colours  is  then  very  distinct.  Also  apply  Matthew  Hay's  test  (see 
p.  2.3.3). 

Acetone  in  the  Urine. — In  severe  diabetes  this  body  occurs  in  the 
urine.  It  is  also  present  in  experimental  diabetes,  when  this  is 
accompanied  by  the  I. leaking  down  of  proteid  tissues.  As  inter- 
mediate bodies  aceto-ncefic  a  id  and  ft-oxybuttfric  acid  are  formed.  The 
relationship  between  these  three  bodies  will  be  seen  from  the  following 
equations : 


(1)  /8-oxybutyric  acid  =  CH3 

(2)  Aceto-acetic  acic 

(3)  Acetone  CH3— CO- 


■^""-CHjCOOH. 
CH3-C0-CH,C00H. 


-CH3. 


j8-oxybutyric  acid  is  the  first  formed  and  soon  becomes  oxidised  to 
form  aceto-acetic  acid,  which  then  splits  into  acetone  and  carbonic  acid. 
There  are  simple  tests  for  aceto-acetic  acid  and  acetone  ;  jS-oxybutyri* 
acid,  for  whicli  there  is  no  simple  test,  always  occurs  alotig  with  actto- 
acetic  acid. 

Experiment  XI.  Test  for  Aceto-acetic  Acid.— Add  to  the  urine 
dilute  ferric  chloride,  allow  the  precipitated  ferric  phosphate  to  settle. 
The  supernatant  fluid  becomes  red  if  aceto-acetic  acid  be  present. 

Experiment  XII.  Test  for  Acetone. — The  urine  has  a  peculiar  fruity 
odour.  Add  a  few  drops  of  caustic  potash,  warm  and  add,  drop  by 
drop,  a  saturated  solution  of  iodine  in  potassium  iodide  till  a  brown 
colour  is  produced.  Now  add  more  caustic  potash  and  boil ;  a  smell  of 
iodoform  is  given  off. 

There  are  numerous  other  bodies  which  may  occur  in  the  urine  in 
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disease,  and  their  description  will  be  found  in  text-books  on  clinical 
medicine.  There  are  two  of  these,  however— glycuronic  acid  and 
homogentisinic  acid— which  are  of  great  physiological  interest,  first  of 
all,  because  they  both  have  the  power  of  reducing  metallic  oxides  in 
alkaline  solution,  and  may,  accordingly,  be  confused  with  dextrose; 
and  secondly,  because  they  both  indicate  an  unusual  form  of  meta- 
bolism 

Homogentiamic  Acid  is  di-oxyphenylacetic  acid  C^Hj— OH 

\CH,COOH 
When  present  in  the  urine  it  causes  the  latter  to  become  of  a  dark- 
brown  colour  on  standing,  or  this  change  in  colour  may  be  hastened  by 
adding  some  alkali.     It  is  present  in  the  urine  during  the  whole  life, 
and  it  has  been  noticed  that  persons  who  exhibit  it  are  almost  invari- 
ably the  children  of  first  cousins.     It  can  be  easily  separated  from  the 
urine  by  adding  a  solution  of  lead  acetate,  filtering  off  the  precipitate 
of  organic  salts  which  at  first  forms  and  allowing  the  filtrate  to  stand, 
when  large  needle-shaped  glancing  crystals  of  the  lead  salt  separate 
out.      If  these  be  collected  and  treated  with  sulphuretted  hydrogen, 
so  as  to  remove  the  lead,  the  acid  is  obtained  in  a  pure  state. 
^  Olycnronic  Acid.— Chemically  this  is  dextrose  in  which  the  end— 
CHjOH— group  has  become  oxidised  to  form  COOH,  or  carboxyl.     It 
has,  accordingly,  the  formula  COOH— (CH.OH),— CHO.      It   is  an 
intermediate  body  in  the  metabolism  of  dextrose,  and  usually  becomes 
further    decomposed    in    the    organism,   to  yield  carbonic  acid  and 
water.      Sometimes,    however,    it    unites  with  the  aromatic  bodies 
(plenol,  skatol,  etc.)  absorbed  from  the  intestine  to  form  a  salt.     In 
this  combination  it  takes  the  place  of  sulphuric  acid  (see  p.  4.52).     In 
very  small  amount,  it  seems  to  be  always  present  in  the  urine,  ))ut 
under  certain  conditions  (as  after  the  administration  of  certain  drugs) 
it  becomes  increased  to  such  an  extent  as  to  impart  to  the  urine  a 
very  considerable    power  of   reducing    metallic    oxides    in  alkaline 
solution.     When  this  is  the  case  it  is  apt  to  be  confused  with  dextrose. 
The  only  absolute  test  whereby  it  may  be  distinguished  from  dextrose 
is  that  it  does  not  ferment  with  yeast. 
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NoTE.-Many  elementary  details  ooncerning  experiment, 
•re  omitted  from  thU  portion  of  the  work.  Reference,  to 
thew  will  be  found  in  the  text  or  in  the  index. 


PART  III. 

MUSCLE  AND  NERVE.    CIRCULATION.    RESPIRATION. 

ANIMAL   HEAT.     CENTRAL   NERVOUS   SYSTEM 

AND  SPECIAL  SENSES.     (Advanced  Course.) 

THE   PHYSIOLOGY   OF   MUSCLE  AND   NERVE. 

CHAPTER  I. 

EXTENSIBILITY  AND  PLASTICITY  OF  MUSCLE  \VHEN  AT  REST 
AND  CONTRACTED.    COMPARISON  WITH  RUIJBER. 

Muscle  is  both  extensible  and  elastic,  that  is,  it  can  be  stretchcfl 
beyond  and  will  return  niore  or  less  to  its  original  length  when  the 
extending  force  is  removed.  These  are  important  properties ;  for, 
unless  muscle  were  readily  extensible  the  sudden  contraction  of  one  set 
of  muscles  would  in  the  body  be  liable  to  rupture  their  antagonists. 

In  the  study  of  these  properties  a  gastrocnemius  preparation  may  bo 
used,  but  a  muscle  whose  fibres  run  more  nearly  parallel  to  each  other 
is  prefeiable,  such  as  a  sartorius  preparation  from  a  large  frog  or  better 
still  a  gracilis-semimembranosus  preparation. 

A  gracilis-semifflembranosiu  preparation  consists  of  the  two  large 
internal  thigh  muscles  (Figs.  20,  2 1 ).  The  gracilis  is  a  large  muEcle  lying 
along  the  inner  side  of  the  sartorius ,  it  arises  from  th«  ischial  sym- 
physis and  is  inserted  into  the  head  of  the  tibia.  The  semimembranosus 
is  a  bulky  muscle  behind  the  gracilis  on  the  posterior  aspect  of  the  thigh  ; 
it  also  arises  from  the  ischial  symphysis  and  is  inserted  into  the  back  of 
the  head  of  the  tibia.  To  make  the  preparat  ion,  isolate  these  two  muscles 
from  those  surrounding  them  near  their  points  of  insertion,  cut  through 
the  tibia  below  this  point  and  through  the  femur  just  above  the  knee 
joint.  Holding  this  piece  of  bone,  separate  the  two  muscles  up  to  the 
symphysis  and  remove  with  them  the  bone  from  which  they  arise.  If 
a  larger  or  longer  muscle  still  is  required,  a  double  preparation  may  be 
made  with  the  muscles  of  both  thighs  and  the  two  hung  side  by  side,  or 
one  below  the  other,  unit«l  in  tbf    ;{(  .lie  by  the  pic<?«  of  the  symphysis. 

The  following  experiments  should  be  performed.     The  bone  at  the 
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upper  end  of  the  preparation  is  rigiclly  tixe<l  in  a.  clamp  and  to  the 
lower  end  is  attached  by  a  short  thread  or  pin  a  brass  mm.  scale, 
having  its  zero  at  the  bottom.     The  lower  end  of  the  scale  has  a  small 
tray  to  carry  weights  or  a  hole  by  which  weights  can  be  hooked  on.   A 
pointer  carried  by  a  separate  stand  is  placed  opjjosite  the  zero  of  the 
scale.     A  weight  of  10  grms.  is  attached  to  the  scale  and  the  amount 
of  extension  read  off;  then  another  10  grms.  is  added  and  soon  until 
the  load  is  100  grms.  or  more.     It  will  be  found  that  tiia  length  to 
which  the  muscle  is  extended  is  not  proportional  to  the  weight  used, 
but  that,  by  each  increase  of  weight  the  muscle  is  stretched  rather  less, 
the  greater  the  previous  extension.     By  removing  the  weights  one  by 
one  the  elasticity  of  the  muscle  is  observed  ;  it  is  not  complete  ;  f."-- 
when  all  the  weights  have  been  removed  the  muscle  does  not  at  oiuo 
return  to  its  original  length.     An  '  extension-remainder '  is  present,  and 
this  is  the  more  marked  the  more  the  muscle  is  fatigued  by  the  degree 
and  duration  of  the  extension.     Therefore  the  observations  should  be 
made  as  rapidly  and  on  as  fresh  a  muscle  as  possible.     It  is  probable 
that  muscle  in  the  body  with  its  circulation  intact  is  completely  elastic. 
If  the  muscle  is  replaced  by  a  suitable  piece  of  rubber  band  and  the 
same  observations  are  repeated  on  it,  it  will  be  found  that  the  series  of 
elongations  are  more  nearly  propr -tional  to  the  weights  used,  thus  con- 
forming  nearly  to   Hooke's  Law,  wnich   states   that    the   successive 
increments  in  length  produced  by  ecjual  increments  of  weight  are,  in  a 
perfectly  elastic  Inxly,  equal.     Also,  as  the  weights  are  successively 
removed,  it  will  be  found  that  the  elasticity  of  rubber  is  more  nearly 
perfect.     But,  if  the  extension  be  great  and  of  long  duration,  an  '  exten- 
sion-remainder '  does  appear  and  only  gradually  disappears. 

Another  methoc^  of  demonstrating  the  same  properties  is  to  fix  the 
upper  end  of  a  muscle-preparation  in  the  clamp  of  a  simple  myograph 
and  to  attach  its  lower  end  to  the  lever  by  a  bent  pin.  Attached 
to  the  lever  vertically  below  the  muscle  is  a  scale-pan  or 
hook  to  which  weights  can  be  suspended.  The  writing  point 
of  the  lever  is  brought  on  to  the  surface  of  a  stationary  smoked 
•Irum  and  a  zero  line  described  by  rotating  the  drum  by  hand.  The 
mm  is  rotated  back  so  that  the  point  of  the  lever  is  5  mm.  from  the 
begirming  of  the  zero  line,  a  weight  of  10  grms.  is  attached  to  the  lever, 
the  muscle  will  be  extended  and  the  writing  point  will  record  a  new 
vertical  line  on  the  drum.  Turn  the  drum  by  hand  so  that  the 
writing  point   will  describe  a   horizontal   line  5  mm.  long,i  attach 

>  By  thrusting  the  points  cf  a  pair  of  fine  forceps  through  a  thin  piece  of  cork  a 
means  of  measuring  off  etjual  distances  is  obtained  ;  there  is  a  m.n.  »cal.:  on  the 
iaduction-coil. 
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another  10  grnis.  and  repeat  the  pnwess  until  100  grnjs.  or  more  are 
extending  the  muscle.  In  the  same  way  reverse  the  process  and 
remove  the  weights  of  10  gmis.  one  by  one.  If  now  the  lower  ends  of 
the  vertical  lines  drawn  by  the  fall  and  rise  of  the  lever  are  joine<l,  a 
lurved  line  will  be  formed,  showing  that  the  extension  of  the  muscle 
becomes  less  and  less  for  each  additior  il  weight.     Further,  when  all  the 


Fio.  IW.— Ciinre  ol  extonitbillty  and  elasticity  of  Koatrocnemiu.i.    The  llguret  on 
the  curve  are  weight*  in  gnn:    Temp. ,  !  y  C.    (A.  P.  B.) 

weights  have  been  removed,  the  writing  point  will  be  below  the  original 
zero  line,  showing  an  'extension-remainder'  (Fig.  166).  It  will  also  be 
seen  that  the  line  corresponding  to  the  elasticity  of  the  muscle  is  a 
Hatter  and  more  gradual  curve  than  that  corresponding  to  the  eictension  ; 
this  is  caused  by  the  long  continued  load  impairing  the  elasticity  of 
the  muscle. 


Fio.  167.— Elasticity  curve  of  quiescent  muscle.     To  be  read  from  right  to  left. 
The  flgures  on  the  curve  are  for  weights  in  grms.    (M.M.P.) 

If  thj  experiment  be  repeated  on  a  piece  of  rubber  band,  the  line  join- 
ing the  lower  ends  of  the  vertical  lines  will  be  nearly  straight,  and  little 
or  no  'extension-remainder'  will  be  seen.  Figs.  167,  108  show  a  com- 
parison of  the  lines  thus  described  for  a  muscle  and  piece  of  rubber 
loaded  from  0  to  500  grms.  and  then  gradually  unloaded  again. 

A  contracted  muscle  is  more  extensible  than  a  resting  one.  This  is 
of  importance  in  the  body  ;  for,  otherwise,  a  sudden  and  powerful  con- 
traction of  a  muscle,  trying  to  lift  a  heavy  weight,  would  be  liable  to 
rupture  either  the  muscle  itself,  or  its  tendon,  or  the  bones  to  which  it 
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18  attached.  As  a  matter  of  fact,  of  these  three  structures  mtiscle,  owing 
to  its  increased  extensibility  during  contraction,  is  the  least  (.ften 
ruptured.  In  onler  to  demonstrate  this  properly  the  muscle-prepara- 
tion is  attachetl  to  the  clamp  and  lever,  as  in  the  last  experiment. 
Arrange  the  apparatus  for  stimulating  the  muscle  directly  with  single 


Fio.  l.W.-Ela.ticityc..rveof  rubber  tuWng.    The  figures  repre«ei.t  weights  in  grm..    (.M.S.P.) 

maximal    induction-shocks,  using  a  spring-key  in  the  primary  circuit. 
Bnng  the  writing  point  on  to  a  stationary  drum  and,  with  the  muscle 
weighted  only  by  the  lever,  describe  an  abscissa  line  corresponding  to 
the  resting  muscle.     With  the  writing  point  again  at  the  beginning  of 
this  hne,  stimulate  the  muscle  once  and,  from  the  top  of  the  ordinate  so 
marked,  draw  another  abscissa  line  corresponding  to  the  muscle  when 
contracted.     Rotate  the  drum  by  haml,  so  that  the  writing  point  is 
now  n  mm.  along  the  'resting'  abscissa  line;   hang  20  grms.  on  to 
the  lever  and  stimulate,  so  as  to  record  a  second  ordinate  5  mm.  from 
the  first.      Repeat   this  process,   increasing  the  weight  by  an  equal 
amount  each  time.     In  this  way  Fig.  169  was  produced.     It  is  clear 
that  the  distance  of  the   lowest   point   of  each   ordinate   below   the 
'resting'  abscissa  line  represents  the  extension  of  the  resting  muscle 
by  a  given  weight,  and  that  the  distance  of  the  top  of  the  same  ordinate 
below  the '  contracted  '  abscissa  line  represents  the  extension,  by  the  same 
w-eight,  of  the  muscle  when  contracted.     If  the  lowest  and  then  the 
highest  points  of  the  ordinate  are  joined,  two  curved  lines  are  produced 
which  represent  respectively  the  curves  of  extension  of  resting  and 
contracted  muscle  (Fig.  169).     It  will  be  seen  that  the  extensibility  of 
contracted  muscle   is  absolutely  greater,  and  increases  more  rapidly, 
than  that  of  resting  muscle.     Hence,  if  the  observations  were  carried 
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tiir  enough,  the  two  cun'e  lines  would  ultimately  croKs ;  thi;^  nu'ans 
thiit  if  a  muscle  were  loaded  by  a  weight  greuter  than  it  rould  lift,  it 


Flu.  im.— ComparatlTe  eztoDBibility  of  rertinR  and  cnnttucted  gaiitrociieiiiitia. 
Tetnp.  li'  ('.  MHtrnlHcation,  r,.  Fitpire*  roprviont  iictiial  weiKbU  lu  nTum.  K  i* 
the  '  rusting '  and  C  tho  '  contracted '  ahaciua  line.    ( A.  I>.  II. ) 

would  during  its  stimulation  actually  lengthen  (Weber's  paradox).  If 
this  were  not  so,  we  should,  when  trying  to  lift  a  load  greater  than  the 
muscle  could  move,  run  a  great  risk  of  rupturing  our  muscles. 


CHAPTER  II. 
LOAD  AND  AFTER  LOAD.     WORK  DONE  WITH  INCREASINc;  LOAD.S. 

MuscLKS  may  be  loaded  in  two  ways ;  the  load  may  be  applied  before 
the  muscle  has  begun  to  contract,  or  only  after  it  ha.s  already  begun  to 
contract ;  this  latter  method,  in  order  to  distinguish  it  from  the  former, 
is  called  '  after-loading.'  Most  of  the  muscles  in  the  body  are  both 
loaded  and  after  loaded ;  that  is,  they  are  constantly  loaded  by  the 
pull  of  their  antagonists,  and  it  is  only  after  they  have  alreadv  begun 
to  shorten  that  the  main  load — the  weight  of  the  limb,  etc. — is  applied 
to  them.  The  deltoid,  however,  is  an  in.stance  of  n  nnisele  ronstantly 
loaded  by  the  weight  of  the  arm  ;  the  ventricle  of  the  heart,  on  the 
other  hand,  is  a  muscle  which  is  onlv  after-loaded. 
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The  effcvt  of  I,«mJ,  and  of  its  methiKl  of  application  on  a  Binitle 
muscular  contraction,  wil'  ».e  studied  in  the  folK.wing  ways :  («)  the 
contraction  ^fiven  by  a  muscle  l.«ided  and  after-l.wded  with  the  same 

weight  will  be  compare*! ;  (h)  a  con- 
stant load  will  lie  thrown  on  to  a 
muscle  as  an  after-load  later  and  later 
in  its  iHjriod  of  shortening,  and  the 
effect  on  the  contractions  noted  ;  (c)  the 
muscle  lieing  jjist  completely  after 
loaded,  the  height  of  contraction, 
with  increasing  loads,  will  bo  mea- 
sured and  the  work  done  with  each 
calculatefl. 

Comparison  of  the  Contractions  of 
a  Loaded  and  After-loaded  Muscle 

Arninge  the  app      us  for  stimulating 
Ig    a  muHcle  with  single  maximal   induc- 
tion shocks,  using  the  drum  as  a  key 
in  the  primary  circuit.     Fix  a  gastro- 
cnemius  preparation   to  a   myograph 
lever,  jirovided  with  an  after-loading 
screw  ;  by  raising  the  screw  the  metal 
part  ot  the  lever  can  be  supjiorted  at 
any  level  (Fig.  25).     Hang  a  weight 
of  50  grms.  near  the  axis  and  raise  the 
screw  until  the  whole  of  the  weight 
is  just  after-loaded ;  this  point  can  be 
ascertained  by  supporting  the  weight 
with  the  finger,  and  when  the  muscle 
no  longer  tends  to  raise  the  lever  off 
the  after-loading  screw,  the  muscle  is 
unstretched  by  any  load.     Arrange  the 
apparatus  so  that  with  the  screw  in 
this  position  the   lever  is   horizontal. 
Record   a   single    contraction   of   the 
muscle  on  a  rapidly  revolving  drum, 
mark   the  point  of  stimulation,   and 
draw   an   abscissa.      Then   lower   the 
,     ,    ,      .  ^    ,^       ,    .  after-loading  screw  until  the  muscle  is 

loaded  with  the  whole  weight,  and  super-in,po.e  on  the  sanic  abscissa 
and  with  the  same  point  of  stimulation  a  contraction  of  the  loade<l 
muscle  (Fig.  170). 
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The  luaiti  (lifferences  Itotween  thene  two  curves  are  in  thi'  purely 
itter-loadiMi  niUHcIo  there  in  an  a|i|>reci:ihle  lengthening  of  the  latent 
jteriod  owing  to  the  muscle  in  its  unstretehcd  condition  having  to  take 
in  'slack';  a  diminution  in  the  height  of  the  contriu-tion,  owing  to 
the  a)>senco  of  tension  on  the  mtwcle  Itcfore  the  contraction  liegan.  In 
other  wonls,  moderate  initial  tension  increases  the  jxtwerof  a  nui»»ie  to 
do  work. 

PrograasiTe  Aftorloadiiic  of  »  MuMle.— With  the  same  urrangenietit 
of  apparatus  as  in  the   preceding   ex|)crimcnt,   record  a  single  (ini 
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-Effect  of  jirogreasive  after-liuillnfr  <>f  n  Kiutroiiiciiiliis.      At-tiiiU  l<»ul  od 
iiiukIc,  4  gnim.     Maioiiflcatiim, '•.    Tviiip..  10  C.    (A.l'.li.) 


traction  of  the  muscle  when  just  after-loadwl,  draw  a  base  line  and 
mark  the  point  of  stimulation.  Nov.  raise  the  after-iojiding  screw 
until  the  writing  point  is  on  a  level  with  the  highest  iK)int  of  the 
preceding  curve ;  draw  a  fresh  abscissa  at  this  level  and  record  a 
contraction ;  the  point  of  stimulation  will  be  the  siime  as  Itcfore. 
Repeat  this  process  until  the  muscle  can  no  longer  lift  the  lever  off 
the  after-loading  screw  (Fig.  171). 

From  this  e.xperiment  we  see  that,  in  a  series  of  contractions  each 
more  after-loaded  than  the  last,  a  muscle  is  able  to  undergo  a  little 
further  shortening  each  time  until  it  reaches  its  maximal  shortening  ; 
for  the  exjilanation  of  this  se>.  page  294.  Also  by  measuring  the 
heights  of  the  contractions  above  their  respective  abscis-sae,  we  learn 
that  the  longer  after  stimulation  it  is  before  the  muscle  meets  the 
resistance  of  a  given  weight,  the  less  is  the  miuscle  then  aide  to 
overcome  that  resistance  and  raise  the  weight.  In  other  words,  as 
a  muscle  contracts  its  extensibility  progressively  increases,  and  its 
absolute  contractile  force  decreases,  until  at  the  height  of  its  con- 
traction its  extensibility  is  greatest  and  its  absolute  contractile  force 
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nil.      Hence   a   muwle    would   contract   under   the   mo-t   favouraW. 
circunwtances,  if  the  load   aa  it  wu  r.J«.i  ,      ,^'*""'"« 

rec!^*h?  S!i^  f  '^"^  *""•  *"^  Ooatntctlon.  /in  oHer  to 
record  the  height  of  contruction  for  a  large  ranire  of  weiirhtiL  it  i. 
mon,  convenient  to  reconi  on  a  stationary  drum  ^in^plythehe'-'h  • 
of  «  .ene.  of  twitche,  than  to  .uper-imp-J  a  large  nZtr  of  curfew 
The  apptn,  ..  arranged  for  stimulating  the  nmn-Ie  «i  h  a Xle 
max  mal  ,nd,,etu>n.h,K.k.  „«i„g  a  «i™p,e  key  in  the  prinlrv  c" m 

tni8  weight   haH   been  already  given  on  p.   2i).      The  muscle  i«   n.»f 
nSt:  rr'rf '  ^'?^""*''*""'^  ^'^^'   'xperiment'LTntr  To  ^^ 
"on Ita    t  ^'""•'"  '"  '••^  •"'^"''  ^''"^*""-     ^^'■»»>  the  lefer 

on  reeonle<    on  a  stationary  .irum.     The  drum  in  rotate.!  a  short 

ve  .  and   ano  her  contraction  reconie<l      The   procena  f«  repeated 

."t  1  the  muscle  „  no  longer  aWe  to  n»ise  the  load  off  the\fte7 

loading  screw.     Fig.  ,72  ^^ves  the  result  of  such  an  experimen       „ 

■t     he  magn.hcat.on  wa.  5,  and  the  actual  load  on  the  m„«.le  half 

of  the  weight  hung  near  the  axis  of  the  lever.     The  foIlowirtaWe 


ActUHl  liMd  in  grm. 

100 

lao 

200 
230 
300 
S3»} 

40<i 

450 
600 
550 
(iOO 
700 


ALttiiil  lift  in  mill. 
4-0 
3-2 
2-2 
1-8 
1-2 
1-0 

•8 

•5 

•4 

•8 

•a 

•1 

0 


Worli  in  gnu.  luni. 
200 
320 
330 
360 
3011 
."«¥( 
280 

noo 

180 

150 

110 

60 

0 


From  the  last  column  in  this  table  we  see  that,  although  the  height 

the  ir"''""  ""''"'^'"  *=°"''""-«'^'  ^»" '-tual  work  donety 
the  muscle  increases  at  first  mpidly  and  then  more  slowly  until  i^ 
reaches  its  maximum  with   a  load  of  200  ^,      .ft^,  fh  T  ■ 

rn:iiTtior  "-r  ^?  .'^--- ^-^y^  ^i^r^ 

until  at  700  grms.  a  load  is  reached  which  the  muscle  is  unable  to 
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ifl.  Thi«  weight  repreientN  the  'alttoluto  cnntractili'  forco'  of  thin 
iiiiisflf,  that  in,  the  IimiI  which,  hroiight  to  bear  on  the  niiwcl-  ut 
•he  instant  of  contraction,  in  ju«t  utile  to  prrvent  it  from  iihorti-ninf:. 
Although  the  miiNcle  u  unable  to  lift  thii*  IinuI,  iintl  therefor*-,  when 
-tinnilated,  does  n<i  visible  mechanical  work,  it  nevertheless  lilH>niteN 
I  iiergy  chiefly  as  heat. 


flu.  IT'J.  — Height  of  ei.iitrai'tl.iiiir  »f  KnntnK'iieniiu ->  with  tiii'ri'iu>lli>(  1.«mI.  Tlif 
number  aliuTo  e»rh  miitntctlim  U  Ita  olwurTed  huiK)it  tn  iiiiii.  Magnification,  •.  Tlic 
niiniiier  below  oacli  rontmctlon  !■  tlio  wuluht  In  grni.  hun^  at  the  axil  i.f  thu  liver  ; 
the  «i!tual  load  cm  th«  inniwlu  vra<  liiUf  of  thia  niiiiilivr.    (A. I'.  11.) 

We  are  now  in  a  position  to  recapitulate,  so  fiir  as  loaa  i.<  concometl, 
the  conditions  necessary  to  obtain  itn  optimal  contraction  of  a  muscle 
and  tu  pee  hovir  far  they  exist  in  the  living  l>ody.  Initial  tension, 
we  have  seen,  decreases  the  latent  perio<l  and  increases  the  fiower 
of  the  muscle  to  do  work.  In  the  Inxly  the  muscles  are  coimunfly 
loaded  to  a  slight  extent,  and  are  thus  kept  stretched  and  free  from 
'slack.'  In  this  way  movements  with  a  short  iatent  per"',  and 
with  an  absence  of  jerkiness  are  obtained ;  and  the  muscles  by  being 
stretched  are  kept  irritable,  awake  and  fit  for  sudden  work.  On 
the  other  hand  we  see  that  a  muscle,  when  purely  after-loadetl,  is 
at  a  disadvantage  for  doing  work ;  yet  in  the  Innly  the  main  load 
is  thrown  on  as  an  after-load.  The  advantage  of  this  arrangement 
depends  upon  the  increased  extensibility  of  contracting  muscle ;  for, 
in  this  way  liability  to  rupture  is  reduced ;  further,  there  is  a  saving 
of  energy  in  pulling  at  a  dead  weight  through  an  elastic  spring, 
instead  of  through  an  inelastic  cord,  since  some  of  the  energy  expended 
would  be  lost  in  a  sudden  jerk,  but,  in  the  case  of  the  spring,  is 
stored  up  in  it  and  given  out  again  as  its  elastic  recoil.  Thus  smooth- 
ness is  imparted  to  even  the  most  sudden  movements.  We  have 
also  seen  that  as  a  muscle  shortens  its  absolute  contractile  foixe 
decreases;  therefort,  it  is  clear  tbut  the  after-load  should  be  thrown 
on  to  the  muscle  at  the  instant  (jf  contraction,  when  the  contractile 
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force  of  the  muscle  is  at  its  tnaximum,  and  not  later;  this  is  the 
arrangement  in  the  body.  Further,  it  would  be  an  advantage  if  the 
load  decreased  as  the  contractile  force  of  the  muscle  during  its  con- 
traction decreased  ;  this  is  not  usually  the  case  in  the  body,  but  it 
does  occur  in  certain  movements,  as,  for  instance,  in  jumping  or 
when,  with  the  upper  arm  horizontal,  a  weight  in  the  hand  is  raised 
by  flexing  the  forearm  on  the  elbow. 


CHAPTER  III. 
COMPARISON  OF  ISOTONIC  AND  ISOMETRIC  CONTRACTION. 

\Vk  have  already  seen  (p.  27)  that  in  order  to  obtain  an  accurate  record 
of  the  change  in  form  of  a  contracting  muscle  by  means  of  a  myograph- 
lever,  it  is  necessary  to  use  a  light  lever,  and  to  weight  it  as  near  its 
axis  as  possible.  By  this  arrangement  the  weight  undergoes  the  least 
acceleration,  and  the  tension  on  the  muscle  throughout  its  shortening 
and  relaxation  remains  nearly  constant.  This  method  is  therefore 
called  isotonic ;  it  registers  the  development  of  that  part  of  the  energy 
liberated  by  the  muscle  ,v  hich  appears  as  the  mechanical  energy  of  the 
change  in  form.  On  the  other  hand,  if  the  muscle  is  made  to  pull 
against  a  strong  spring,  the  muscle  will  undergo  biit  slight  change  in 
length,  and  the  energy,  which  would  otherwise  have  appeared  as  change 
in  form,  will  now  be  converted  into  tension  and  stored  in  the  spring. 
This  is  the  so-called  isometric  method.  If  the  movement  of  the  spring 
is  recorded  by  a  lever  attached  to  it  we  get  a  record  of  this  conversion 
into  tension  of  part  of  the  energy  liberated  by  the  muscle  when  stimu- 
lated. Further,  by  allowing  the  spring  to  exert  tension  on  the  muscle 
before  stimulation,  it  is  possible  to  investigate  the  effect  of  initial 
tensions  on  the  subsequent  liberation  of  energy. 

Fig.  173  shows  a  lever  which  can  be  used  for  either  the  isotonic  or 
isometric  method.  The  only  part  which  needs  description  is  the  axis  ; 
it  consints  of  a  stiff  «teel  wire.  About  2  mm.  from  one  end  of  the  axis 
the  lever  is  rigidly  :ed  to  it,  and  the  small  projecting  piece  of  wire  fits 
loosely  into  a  small  socket  in  the  brass  support.  The  other  end  of  the 
axis  is  carried  by  piercing  a  rigid  brass  arm,  in  which  it  can  work 
loosely  for  the  isotonic  method,  or  to  which  it  can  be  firmly  clamped  in 
any  position  for  the  isometric  method.  In  this  latter  case  contraction 
of  the  muscle,  instead  of  leading  to  much  shortening,  produces  torsion 
of  the  axis,  and  the  excursion  of  the  lever  is  proportional  to  the  tension 
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xerted  by  the  muscle.  The  length  of  wire  which  undergoeB  torsion 
ran  be  adjusted  by  altering  the  horizontal  length  of  the  brass  arm 
carrying  the  axis;    the  smaller  the  muscle  the  greater  this  length 

must  be.  ,    ,.       i       -.i.       •     i 

Arrange  the  apparatus  for  stimulating  a  muscle  directly  with  a  single 
maximal  induction-shock,  using  the  drum  as  a  key  in  the  primary 
circuit      Prepare  a  single  or  double  gracilis-semimembranosus  prei)ara- 


Fio.  173.— Isotonic  and  Isometric  lever. 


tion  (p  -'HI),  fix  the  bone  of  one  end  in  the  muscle  clamp,  and  the  lower 
end  by  means  of  a  bent  pin  or  very  short  thread,  to  the  lever  one  inch 
in  front  of  its  axis.      Release  the  screw  fixing  the  axis  and  see  that  it   • 
works  smoothly.    Attach  a  weight  of  50  grms.  to  the  lever  near  its  axis 
and  adjust  the  muscle  clamp  vertically  so  that  the  lever  is  horizontal. 
Record  a  single  contraction  on  a  rapidly  revolving  drum,  mark  a  base 
line  and  the  point  of  stimulation.    Swing  the  writing  point  off  the  drum, 
but  do  not  move  the  base  of  the  stand  carrying  the  myograph.     Now 
remove  the  weight  and  attach  the  muscle  to  the  lever  just  in  front  of 
its  axis.    The  muscle-clamp  will  need  horizontal  adjustment,  s.^  that 
the  muscle  again  lies  in  a  vertical  straight  line  with  its  point  of  attach- 
ment to  the  lever.     Adjust  the  length  of  the  wire  to  the  size  of  the 
muscle,  and  with  the  lever  horizontal  firmly  clamp  the  axis.     The 
mu8cle<lamp  will  probably  need  vertical  adjustment,  so  that  the  muscle 
may  be  taut  but  under  no  initial  tension.     Swing  the  writing  point  on 
to  the  drum  ;  it  should  exactly  coincide  with  the  old  abscissa  line,  and, 
if  the  base  of  the  stand  has  not  been  moved,  the  point  of  stimulation 
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will  be  the  same.     Let  the  drum  revolve,  open  the  Du  Bois  key,  and 
record  a  single  isometric  contraction. 

Now  remove  the  muscle  and  attach  to  the  lever  at  the  same  spot  a 
thread  which  passes  over  a  pulley  held  by  the  muscle-clamp.  Tie  on  to 
the  free  end  of  the  thi .  ;id  a  weight  of  20  grms. ,  this  will  raise  the  lever 
a  certain  amount ;  draw  a  line  across  the  isometric  curve  on  this  level 


Flo.  174.— Conipikriiion  of  an  laotunic  mid  isumetric  contniction  of  a  single  Kmciliii 
and  aeinliiiuinbntiioHiiH  preparation.  Kor  the  isotonic  curve  .lO  grms.  were  liunif  at 
the  axis  of  the  lever,  the  actual  load  on  tlie  muHi'lc  heinir  a  third  of  this,  and  tlie 
miignificatiou  was  'i.  Kor  the  isometric  curve  the  maKUification  was  l"i,  and  tlio 
muscle  started  to  contract  under  an  initial  tension  of  10  grms.  Time  nmrlcer  100  per 
sec.    (A.l'.B.) 

parallel  to  the  abscissa  line.  Repeat  the  same  process  with  weights  of 
50,  75,  100  grms.,  and  so  on  until  the  level  of  the  top  of  the  curve  is 
reached.  In  this  way  the  tension  or  resistance  which  the  muscle  has 
overcome  is  measured. 

Fig.  174,  obtained  by  this  method,  shows  the  main  differences  between 
an  isometric  and  isotonic  curve ;  these  are,  that  in  an  isometric  curve 
the  highest  point  is  sooner  reached  and  the  curve  has  a  flatter  top.  In 
other  words,  a  muscle  reaches  its  maximal  tension  sooner  and  maintains 
it  longer  than  its  maximal  shortening. 

The  effect  of  initial  tension  on  an  isometric  curve  may  also  be  investi- 
gated. With  the  lever  horizontal,  and  the  muscle-clamp  adjusted  so 
that  the  muscle  is  under  no  initial  tension,  a  zero-abscissa  line  is 
drawn.  The  muscle-clamp  is  now  raiserl  so  as  to  slightly  elevate  the 
writing  point ;  by  raising  the  lever  the  wire  axis  has  undergone  torsion, 
and  the  muscle  is  under  an  initial  tension.  Describe  a  fresh  abscissa 
line  at  this  level,  mark  the  |)oint  of  stimulation,  and  record  a  single 
isometric  twitch.  By  removing  the  muscle  and  substituting  the  pulley 
and  weights,  the  value  of  the  initial  tension  and  of  the  various  parts  of 
the  curve  in  grms.  may,  as  before,  be  estimated.  It  will  be  found  that 
the  effect  of  an  initial  tension  is  to  increase  slightly  the  latent  period 
and  total  time  of  the  twitch,  but  a  more  important  result  is  that  it 
increases  the  maximal  tension  or  resistance  overcome  by  the  muscle 
when  stimulated. 
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From  the  two  curves  in  Fig.  174  certain  rou{;h  Vmt  itnportai.t  .l.-.luc- 
•  ions  may  be  made.     The  initial  tension  on  the  muscle  m  the  two  .  .ses 
„as  not  quite  the  same,  but  this  may  be  neglecte,!.     In  the  .son.etnc 
...ntraction  the  observed  hei  j;ht  of  the  curve  is  1 4  mm.,  but  the  ma^n.hca- 
tion  was  15,  and  therefor    the  muscle  really  underwent  a  shortenu.g 
of  ' '  -  -933  mm.     Supp..sin^  muscle  were  a  perfectly  elastic  b..,ly  the 
•contractile  stress'  or  pull  exerted  by  it  at  any  point  .luring  a  contrac- 
tion n.ay  be  calculate.l  by  the  formula,  r  =  Uw  ;  where  r  ,s  the  pub,  /  is 
the  amount  of  shortening   in   mn..,  and   w  the   resistance  ,n  grms., 
whether  that  of  a  load  or  of  a  spring,  which  the  nn.scle  has  overcome. 
I„  the  isometric  curve  the  maximal  pull  exerted  by  the  muscle  was 
'X -933x200  =  93-3  grms.     In   the  isof.nic  curve   the   load   on   tli.> 
muscle  was  -^  grms.,  and  the  pull  exerted  by  the  nuiscle  when  it  had 
again  shortened  by  -933  mm.  was  l  x  -933  x  •,"  =  7w  grms. 

The  comparison  of    an  isometric  with   an    isof.nic  curve,  and  o 
isometric  curves  having  different  initial  tensions,  shows  really  thceHect 
that  resistance  to  contraction  has  upon  the  liberation  ot  energy  by  a 
muscle;  for  it  shows  that  a  muscle  which  has  shortened  t"  a  g>v^-» 
length  will  be  exerting  a  far  greater  pull  when  its  effort  to  shorten  has 
heen  resisted  than  when   it    has   reached    the    s.vme   length    during 
an  isotonic  or  unresisted  contraction;  and  this  is  especially  true  of 
resistance  during  the  first  part  of  the  muscle's  pernKl  ot  effort.     In  the 
body  all  muscles  even  at  rest  are  extended  by  an  initial  tension  and  their 
efforts  to  shorten  during  contraction  are  more  or  less  res«ted  ;  and  we 
find  that  this  resistance,  so  far  from  decreasing,  actually  increases  the 
efficiency  of  the  muscle  for  doing  work.     We  further  see  that  the  pull 
exerted  by  a  muscle  during  its  contraction  is  not  .Ictcrmined  simply  by 
the  strength  of  the  stimulus  reaching  it,  but  also  by  the  mechanical 
conditions  of  tension  and  load  under  which  the  muscle  finds  itselt  before 
and  after  it  has  begun  to  respond  to  the  stimtdus.     For,  we  have  found 
that  with  the  same  strength  of  stimulus  a  muscle  responds  with  a  pull 
which   increases  directly  as  the  resistance  it  has  to  overcome.     Ihis 
power  of  skeletal  muscles  to  adjust  their  liberation  of  energy  to  the 
work  which  they  find  they  have  to  do,  must  clearly  be  an  enormous 
saving  to  the  body. 
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CHAPTER  IV. 

COMPARISON  OF  THE  SHORTENING  IN  A  SINGLE  CONTRACTION 
AND  IN  TETANUS. 

At  first  sight  there  seems  to  be  a  great  difference  between  the  form  and 
height  of  a  teUnus  curve  and  of  a  single  twitch  in  response  to  a 
maximal  stimulus ;  since  the  record  of  a  voluntary  muscular  contraction 
closely  resembles  a  tetanus  curve  in  form  and  height,  it  would  seem  to 
follow  that  a  voluntary  contraction  must  be  of  the  nature  of  a  tetanus 
and  cannot  be  a  single  contraction.  This  difference  between  the  height 
of  a  single  contraction  and  of  a  tetanus  curve  is,  however,  more  apparent 
than  real,  and  is  at  any  rate  not  a  fundamental  distinction  between 
the  two. 

In  order  to  investigate  this  point,    .  range  the  apparatus  for  stimu- 
lating a  gastrocnemius-sciatic  preparation  with  single  maximal  induction- 


m 


tia.  175.— Comparison  of  the  ehortening  of  a  gastrocnemius  during  a  iiingle 
Isotonic  contraction  8,  during  complete  tetanus  f,  and  during  »  leries  of  pro- 
gressively after-loaded  contractions  S  to  Sj.    (A.1'.U.) 

shocks,  using  a  simple  key  in  the  primary  circuit,  and  a  myograph-lover 
provided  with  an  after-loading  screw.  Place  a  weight  of  20  grms.  near 
the  axis  of  the  lever,  bring  the  writing  point  into  a  stationary  drum  and 
record  a  base-line  by  rotating  the  drum  by  hand.  Stimulate  the 
muscle  with  a  single  maximal  shock.  Rotate  the  drum  on  a  short 
distance  and  stimulate  the  mu.scle  by  ,i  tetanising  current  for  a  second 
or  two  ;  a  contrvction  of  about  double  the  height  of  the  single  contrac- 
tion will  be  recorded.  Rotate  the  drum  again  and  repeat  the  single 
stimulus  ;  the  contraction  will  be  of  its  former  height.  Now  raise  the 
after-loading  screw  until  the  writing  point  is  just  at  the  top  of  the 
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.ontraction,  rotate  the  drum  and  stimulate.  The  lever  will  be  rai«e.l  a 
less  distance  than  before,  but  still  it  will  be  raiscnl  above  the  level  ot 
,he  previous  single  contraction.  Repeat  this  process  of  supiKjrt.ng  the 
,u«8cle  at  the  level  of  the  top  of  the  previous  contraction  until  the 
muscle  is  no  longer  able  to  lift  the  lever  off  the  after-loading  screw.  It 
will  be  found  that  the  highest  point  reache<l  by  a  series  of  single  con^ 
tractioi     Uken  in  this  way  will  be  of  alxM.t  the  same  height  as  that  of 

the  tetanus  (Fig.  175). 

The  reason  why  the  single  isotonic  contraction  ot  a  weighte.1  muscle 
,s  not  so  high  as  a  tetanus  curve  seems  to  be  as  follows      The  electro- 
chemical change  in  muscle  begins  directly  the  stimulus  reaches  the 
muscle  and  has  already  culminated  when  the  change  in  form  is  begin- 
ning ;   that   is,  the  change  in   form  being  a  relatively   slow  process 
continues  after  its  real  cause,  the  electrochemical  change,  has  ceas^l. 
It  is  quite  at  the  very  beginning  of  the  period  of  shortening  that  the 
process,  by  which  chemical  energy  is  transformed  into  muscu  ar  force, 
is  at  its  maximum,  and  then  it  rapi.lly  declines.     Consequently,  if  the 
inertia  of  the  mass  to  be  moved  is  great  and  is  not  overcome  by  the 
muscular  force    as    rapidly  as  this   force  develops,  the  weight    lags 
behind,  the  change  in  form,  therefore,  can  only  take  place  more  slowly, 
and  the  muscle  has  ceased  to  pull  at  the  weight  before  it  has  had  time 
to  accomplish  its  maximal  shortening.     In  complete  tetanus,  however, 
before  the  pull  of  the  muscle  in  response  to  one  stimulus  is  at  an  end, 
the  muscle  again  begins  to  pull  in  response  to  a  second  stimulus  and  so 
on,  consequently  the  muscle  has  ample  time  to  undergo  its  greatest 
shortening  in  spite  of  the  inertia  of  the  weight. 

That  it  really  is  the  inertia  of  the  load  which  is  tiie  princiiial  cause 
of  the  difference  in  height  between  these  two  curves  can  be  shown  by 
the  fact  that  a  muscle,  weighted  only  by  a  very  light  lever,  will,  m 
response  to  a  single  maximal  stimulus,  shorten  almost  as  much  us  it  can 

do  in  tetanus.  ,         .,  ,  i 

In  the  case  of  tl.-  muse  i  its  load  supported  untu  later  and 

later  into  its  period  of  shor.  _,,  it  is  clear  ''.  t  the  more  the  poTm\ 
of  shortening  is  passed  through  hy  the  muscle  in  its  unloaded  condition, 
the  less  will  the  inertia  of  the  weight  be  able  to  cause  delay  m  the 
process  of  shortening,  and,  consequently,  the  muscle  in  the  same  time 
will  be  able  to  undergo  more  and  more  nearly  its  full  shortening. 

It  follows,  too,  from  what  has  been  said,  that,  if  it  were  iKjssible  to 
slow  down  or  prolong  the  chemical  changes  in  muscle  in  response  to  a 
stimulus,  and  consequently  to  prolong  the  period  during  which  the 
muscle  exerted  an  .-ictive  pull,  it  would  enable  the  muscle  to  undergo 
more  nearly  its  complete   shortening,  by  provi.ling  a  longer  perio<l 
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flaring  which  to  overcome  the  inertia  of  the  load.  It  is  possible  ii. 
several  ways  to  prolong  the  periiKl  of  active  pull ;  only  two  will  b. 
mentioned.  ( I )  By  cooling  the  muscle.  Reconl  on  a  rapidly-revolvin;; 
drum  the  fontraction  of  a  gastrocnemius  preparation,  stimulated  directly 
by  a  single  maximal  shock,  and  weighted  with  20  grms.  near  the  axis 
of  the  lever,  first  at  15°  C,  and  then  after  ice  has  been  in  tonUict  with 


K  in.  ITil.— C.iiupiirlHon  of  the  weisht  of  fcmtrnetion  of  hroKloasus  during  tetanus, 
upper  curve,  and  of  the  »rtnie  mutcle  in  resjionBe  to  a  single  niaximiil  atimulus  after 
thorough  poihoning  witli  veritrine.    Time  umrking  in  seconds.    (A.P.U.) 

the  muscle  for  some  minutes.  (2)  By  veratrine.  On  a  slowly-revolving 
drum  record  first  a  tetanus  cur\c  of  a  hyoglossus  preparation,  and  then 
the  contraction  of  the  same  preparation  in  response  to  a  single  maximal 
stimulus,  after  thorough  poisoning  with  veratrine  (.see  p.  30).  It  will 
be  found  that  the  two  curves  are  practically  of  the  same  form  and 
height  (Fig.  176). 


CHAPTEK   V. 


SUMMATION  OF  .STIMULI. 

In  a  previous  chapter  the  suV)jcct  of  summation  of  contractions  has  been 
dealt  with.  This  summation  of  '  effect '  must  be  distinguished  from 
the  summation  of  stimuli,  by  which  an  iiiadec|uatc  stinuilus,  if  repeated 
sufficiently  often,  becomes  first  adequate  and  then  for  a  time  increas- 
ingly effective.  This  is  a  summation  of  'cn'use,'  and  probably  plays 
an  important  part  in  the  life  of  all  living  matter. 

In  order   to  demonstrate   the  summation  of  stimuli,  arrange   the 
apparatus  for  stimulating  a  gastrocnemius  muscle  directly  with  single 
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iiidnction-shocks,  using  a  simple  key  in  the  primary  ciriiiit.  I'lace  tht- 
secondary  coil  at  such  a  distoncc  from  the  primary  tVat  the  break 
sliocks  are  just  subminimal.  Keiwat  the  stimulus  every  5  seconds. 
It  will  be  found  that  sooner  or  later  the  summed  excitations  will  cause  ii 
contraction,  and,  if  the  contractions  are  recorded  on  a  slowly  revolvinj; 
drum,  that  a  well-marked  '  stair-case  '  effect  is  produced  (Kig.  177). 

In  dealing  with  the  response  of  muscle  to  two  successive  stinndi,  it 
has  been  seen  that,  when  the  second  stimulus  falls  within  the  latent 
periml  of  the  first,  the  muscle  is  refractory,  so  far  as  being  able  to 


Fi.:  177  -EBoct  <.f  .ubmininml  .tiiimll  rc|H!ated  every  ■''"«'""''"  "»  «»«»'"""• 
m{.  i  »  muhUod  dlr^tly.  The  dnt.  ,„ark  »hc  roi..t»  ut  which  sttmult  were  «..t 
in  lleforc  they  l.c.iii..e  obvU.UHly  effective.     Time  luarkiiiK  In  8ocon.l«.    ( A. I . H.) 

respond  with  a  second  contraction  is  concerned  :  but  it  is  not  true  that 
a  muscle  during  its  refractory  period  always  entirely  ignores  a  second 

stimulus. 

In  orrler  to  investigate  this  point,  the  apiwratus  is  arranged  as  ui 
demonstrating  the  effect  of  two  successive  stimuli  (p.  4-2).  The  two 
'  strikers '  are  placed  at  such  an  angular  tlistance  apart  that  the  second 
stimulus  falls  well  within  the  latent  periotl  of  the  first ;  the  muscle  is 
stiniulated  directly.  The  secondary  coil  is  placed  at  such  a  distance 
from  the  primary  that  when,  by  rotating  the  drum  by  hand,  one  of  the 
.strikers  is  made  to  pass  over  the  naked  wire,  a  minimal  or  submaximal 
break,  but  no  make  contraction  is  obtained.  A  tuning  fork  is  arranged 
to  write  under  the  myograi)h-lever,  the  drum  is  allowed  to  make  one 
revolution  at  a  rapid  rate,  a  base  line  is  drawn,  and  the  points  of 
stimulation  corresponding  to  each  'striker'  are  marke<l.  Swing  the 
lever  away  from  the  drun>,  but  «lo  not  alter  the  position  of  the  ba.se  of 
the  stand  carrying  the  myograph.  The  single  contraction  so  recorded 
is  the  response  of  the  muscle  to  two  break  shocks.  In  order  to 
determine  whether  the  muscle  has  been  in  any  way  influenced  by  the 
second  stinuUus,  raise  the  second  'striker,'  so  that  it  will  no  longer 
touch  the  naked  wire,  and  record  the  contraction  due  to  the  first 
stiLudus  alone  (Fig.  178).     It  will  be  found  that  the  contraction  m 
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response  to  the  single  stimulus  is  not  so  great  as  that  due  to  the  two 

stimuli.  In  other  words,  there  has 
))eon  u  summation  of  stimuli  during 
the  refractory  period.  In  the  sanje 
way  subminimal  stimuli  can  Ik- 
summated,  hut  two  maximal  stimuli 
are  summated  only  when  thej* 
follow  each  other  after  an  interval 
of  less  than  jj^th  second. 

As  has  been  pointed  out  on  p.  •_'."), 
when  a  •  striker '  passes  over  the 
naked  wire,  there  is  both  a  make 
and  break  of  the  primary  circuit ; 
conseijuently  in  these  experiments 
the  muscle  really  receives  four 
induction-shocks,  of  which,  accord- 
ing to  the  position  of  the  secondary 
coil,  all  four  might  be  individually 
subminimal,  or  the  two  break-shocks 
might  be  alone  effective,  or  all  four 
might  be  effective.  In  order  to 
deal  with  the  summation  of  two 
break-shocks  alone,  it  is  usual  to 
perform  these  experiments  with 
the  following  special  piece  of 
apparatus. 

The  Spring  or  Trigger  Myograph 
(Fig.  179). — It  consists  of  a  heavy 
metal  base  which  is  clamped  to  the 
bench.  The  essential  part  of  the 
apparatus  is  an  oblong  metal  frame 
carrying  a  smoked  glass  plate,  the 
recording  surface,  which  is  shot 
on  two  horizontal  wires  past  the 
writing  points.  In  order  to  prepare 
the  apparatus  for  use,  the  frame  is 
pulled  to  one  side  by  one  of  the 
arms  attached  to  it ;  this  compresses 
a  spring  on  the  other  arm,  and  the 
frame  is  held  in  position  by  a  catch 
or  trigger.  When  the  catch  is  re- 
leased the  spring  gives  the  frame  and 
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'\m»  plato  a  rapid  and  uniform  horizontal  moti«»n,  and  the  momentuni 
"iirries  the  reconiing  surface  across  until  stopped  by  the  hufters  at  the 
..pposite  side.  The  frame  carries  on  its  under  surface  two  pins  which 
knock  over  two  vertical  keys  and  so  breaks  two  primary  circuits  (Fig. 
180).     A',  is  fixed,  but  A',  is  movable  horizontally,  and  its  ix)8itioii  can 


Fio.  Kit.— The  sprliiK  myotn»ph. 

he  luljusted  so  that  it  will  be  knocked  over  at  any  desired  interval  atYer 
A",.  A  pointer  is  attached  to  K.^  and  when  this  is  opiiosite  the  zero  of  the 
.scjile  this  key  will  be  knocked  over  at  the  same  instant  as  A',  ;  there- 
fore, in  order  that  K.^  may  be  knocke<l  over  after  A",  and  that  the  second 


Fill.  ISO.— DiB(?rara  of  the  npriuK  myoKraph  In  circuit. 

Stimulus  may  still  fall  within  the  latent  period  of  the  first,  it  is 
necessary  to  move  K^  a  short  disUnce  along  the  scale  from  A',.  Place 
both  keys  in  the  primary  circuit  of  the  same  coil  and  arrange  the 
secondary  coil  at  such  a  distance  from  the  primary  as  to  give  sub- 
maximal  break-shocks.  With  the  spring  compressed,  the  catch  down 
and  both  keys  vertical,  the  writing  points  of  the  lever  and  tuning  fork 
are  placed  against  the  recording  surface  at  its  spring  end  in  order  that 
the  whole  contraction  may  be  recorded.  Release  the  catch.  The  frame  is 
then  pulled  back  to  its  original  position,  both  keys  are  made  vertical 
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again,  and  the  pint  on  the  frame 
are  slowly  brought  up  against  thf 
two  kej's  in  turn  and  the  points 
along  the  curve  marked  at  which 
the  two  stimuli  entered  the  muacle ; 
the  Hecond  stimuIuH  should  have 
fallen  well  within  the  latent  period 
of  the  first.  Kettet  the  apparatus, 
leaving  K.,  horizontal,  but  placing  A', 
vertical,  and  record  the  contraction 
due  to  the  first  stimulus  alone. 
This  second  contraction  will  be 
fouiHl  to  l>e  smaller  than  that  caused 
by  the  summation  of  the  two  sul)- 
maximal  stimuli. 

Fig.  181  shows  the  contractions 
obtained  by  a  Pendalnin  Myograph 
which  is  fundamentally  the  same  as 
a  spring  myogniph,  and  differs  only 
in  that  the  smoked  plate,  instead  of 
being  shot  horizontally  across  by  a 
spring,  swings  across  at  the  end  of 
a  long  and  heavy  pendulum  and 
describes  ,n  arc  of  a  circle. 

The  glash  T>iate  in  cither  case  is 
varnished  in  the  ordinary  way,  and, 
when  dry  the  curves  are  reproduced 
by  exposing  to  daylight  sensitive 
paper  covered  by  the  smoked  plate. 
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CHAITKR  VI. 

KFFECT  OK  DISTILLKD  WATKR  AND  O.'  VAKIOUS  SALTS 
ON   MUStM.K. 

Thk  varicMiB  IJMues  of  the  »)ody  arc  all  »>athe«l  in  the  same  flui.l. 
the  lymph,  which  so  far  as  the  water  and  «ilt»  it  lontainn  are  con 
,eriie«l,  has  a  uniform  composition.  The  ti^ues,  although  immersed 
i„  the  same  Huid,  show  difteront  and  characteristic  proiHjrtics  owing  to 
their  difference  in  structure  ami  chemical  ccmipos-''  ii.  If.  however, 
the  composition  of  the  fluid,  in  which  any  given  tissue  is  imnierse*!,  Ik* 
altoretl,  tie  composition  and  consequently  the  properties  (.f  its  proto 
plasm  must  also  »»e  altere<l.  The  first  effect  on  living  matter  of  such 
a  change  is  to  cause  its  stimulation,  ami  then  if  the  change  he 
sutticiently  profotind  and  long-contiiutetl  to  pnxluce  its  death. 

Only  two  changes  in  the  tissue  fluids  will  be  considered  here, 
imniely  ('»)  tlross  change  in  the  «)8motic  pressure  of  the  fluid,  by 
using  distilletl  water  or  a  strong  saline  solution  ;  and  {!>)  Change  in  the 
ions  in  solution  without  alteration  in  the  osmotic  pressure  of  the  rtui<l. 
by  using  solutions  of  various  salts  isotonic  with  frog's  bl<  km!  plasma. 

Effect  of  DistiUed  Water.  -Dissect  out  a  gastrocnemius  nuiscle  and 
place  it,  without  a  'troiiser'  of  skin,  in  a  watch-glass  conUiining 
distilled  water.  For  a  few  minutes  the  muscle  may  show  irregular 
contractions,  then  it  becomes  oiwcpie,  swollen  and  incapable  of  re- 
sponding to  a  stimulus  with  a  contraction.  The  muscle  is  said  to  have 
piissed  into  a  condition  of  '  water -rigor.'  Test  the  muscle  with  induction 
shocks  and  demonstrate  that  it  will  no  longer  contract. 

By  placing  the  nui.  e  into  distilled  water  two  ettects  are  produced  - 
the  inorganic  salts  in  the  nuiscle  diffuse  out  into  the  water,  and  watei- 
is  attracted  by  osmosis  into  the  muscle  so  that  each  fibre  becomes 
greatly  distended  wit.i  fluid,  '''he  first  effect  of  these  changes  is  to 
produce  stimulation,  but,  as  t.  ..  muscle  fibres  are  distended  with  fluid, 
they  become  incapable  of  contracting,  and  finally  there  are  not  enough 
salts  left  in  the  muscle  to  keep  the  globulins  in  solution  ;  hence  the 
muscle  becomes  gradually  opaqtie  and  dies. 

Effect  of  Strong  Saline  Solutions.  -This  effect  will  be  exactly  the 
opiKisite  of  that  due  to  distilled  water :  for  water  will  be  abstracted 
from  the  tissue,  and  large  .piantities  of  the  salt  will  dift\ise  into  the 

muscle.  .    . 

The  effect  on  a  tisstie  of  mere  abstraction  of  water  from  it  is  best 
.seen  by  allowing  a  nerve  to  <lry.     Make  a  gastrocnemius  and  sciatic 
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preparation,  keep  the  roiwie  atul  L.wer  half  of  the  nervo  jiut  moi.t 
with  tai)-w«tor  valine,  but  a.  .w  the  up|)er  half  of  the  nervo  to  «lry 
Am  tho  nerve  begins  to  dry,  irregular  contractionH  of  the  muHcIo  conir 
on  which  are  stopped  by  moistening  iho  nerve ;  showing  that  loss  of 
water  acU  as  a  stimulus  to  nerve.  If  the  drying  is  allowwl  to  continue 
the  dry  portion  loses  its  irritobility  and  dies. 

Now  place  ui)on  the  muscle  a  few  crystals  of  NaCI ;  irregiUar  con 
tractions  will  soon  appear.  These  are  partly  due  to  the  abstraction 
of  water,  but  also,  as  we  shall  see  in  the  next  ex|)erimenu,  to  the 
Hthnulatory  effect  of  Na(;i. 

The  above  experiments  show  that,  in  order  to  keep  muscles  and 
nerves  irritable  and  in  go<Kl  condition,  they  must  be  moistened  with 
a  rtiiMl  which  will  neitner  give  up  nor  abstract  water  from  the  tiM.,, 
>.e.  which  is  isotonic  with  the  animal's  lymph.  For  this  purpose  a 
•7  per  cent,  solution  of  XaCI  in  distilled  water  has  freijuently  l.een 
use«l.  This  solution,  although  isotonic  with  frog's  blood,  dc^es  not 
contain  the  calcium  and  jrotassium  sidts  found  in  lilofxl-plasma  and 
lymph  ;  and  the  (juestiori  arises  whether  this  alteration  of  the  ions 
in  solution  affects  in  any  way  the  properties  of  muscle. 

In  order  to  investigate  this  point,  prepare  two  sartorius  preparations 
with  their  l)ony  attachmei.  -,  and  without  injury  to  their  muscular 
fibres.     Place  one  muscle  in   Biedermann's  solution  (5  grms    NaCI 
•2  grms.   Na,HFO„    204  grms.  Na.,CO,  in  100  c.c.  distilletl  water),' 
and  the  other  in  7  per  cent.  NaCI  in  distilled  water. 

The  muscle  in  Biedermann's  solution,  especially  if  the  solution  be 
cool  (3°— 10'  C),  will  after  a  shorter  or  longer  interval  l)egin  to  show 
fibrillary  twitches  and  may  even  contract  regularly  and  rhythmically 
as  a  whole.  As  soon  as  the  result  has  been  obtained,  transfer  the 
muscle  to  a  solution  made  by  adding  to  100  c.c.  of  7  per  cent.  NaCI 
solution  in  distilled  water,  10  c.c.  of  a  saturated  solution  of  CaSO , 
or  of  a  10  per  cent,  solution  of  CaCI,  in  distilled  water.  The 
spontaneous  contractions  will  soon  cease. 

The  other  muscle  placed  in  the  pure  NaCI  solution  may  remain 
quiescent;  very  often  it  will  show  fibrillary  twitchings  and  irregular 
contractions,  which  are  rapidly  stopped  by  transferring  the  muscle 
to  the  solution  conUining  a  calcium  salt  as  well  as  NaCI.  Should  the 
ro"«cle,  however,  remain  perfectly  quiescent"  it  can  still  be  shown 
tb  •  I  ^  no  longer  in  a  perfectly  normal  condition.  After  it  has 
rei       u      in  the  solution  for  half  an  hour,  remove  it  and  connect  it 

'  Frog's  muscle  aiffen.  son.ewhat  in  iu  behaviour  in  any  given  solution  accor.l- 
ing  to  the  tune  of  year,  there  being  a  marked  difference  l,etween  muscle  in  the 
autumn  and  spring. 
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;..  ii  myograph  lever  uihI  utiniukte  it  with  ii  i^ingli'  maxinnil  Ureal: 
^li.*k.     The  ciiiitrai-tioii  refonle*!  on  the  dnini  will  Ih-  no  hm^t'T  an 
onliiiary  Mingle  contraction,  hut  a  iM>ri«s  of  tetanic  twitches  of  iihnornial 
licight  and  duration.     Now   remove  the  miinele,  ininicrHe  it    for  ten 
minutes  in  the  sohition  containing  the  aildtnl  calcium  wilt,  and  apiin 
record  iUt  resjKinse  to  the  »«me  •timulus.     .V  normal  ningle  coiitracii..n 
will  Iw  ohtainwi.     It  i«  clear  that  wnlium  ^altH,  when  acting  alone  on 
skeletal  musole,  have  a  jKJwerful  stimulatory  effect,  and  that  thi«  lan  lie 
iieutnilised  hy  adfling  a  cerUkin  proportion  "f  calcium  (will.     For  thi»t 
nanon  'normal'  saline  ntdution  ii*  always  made  with  tujHwatcr  instead 
of  with  «U8tilled  water.     .Some  tap-waters,  however,  do  not  .ontain 
nearly  enough  calcium  to  hring  alniut  complete  neutralisation  of  the 
-odiinn  salt. 

From  the  aU.'  -  cx|)erimenn  we  Icirn  certain  fac's  of  coiisidcral.le 
practical   importance.      We  see  that   tissues   are    gie^itly   affected    l.y 
changes  in  the  osmotic  pressiue  of  the  Huid  siurounding  them.     Care 
must  therefore  l»e  taken  not  to  ex|M>se  the  tissues  of  an  animal  or  man 
ti.  rtiiids  which  are  not  isotonic  with  the  lilcMHl-plasma.     In  man  the 
solution  of  XaCl  i8<itonic  with  the  liloinl-plasma  is  only  just  luider  I  |K'r 
cent.,  and  theiefore  differs  widely  in  strength  from  the  solution  for  a 
frog;  it  =8  very  necessary  to  l>ear  this  in  mind  when  injecting  Huid  uito 
veins  or  un«ler   the  skin,  and  when    irrigating  the  peritoneal  cavity 
during  oiwrations.     We  further  see  that,  when  isotonic  solutions  of 
electrolytes  are  used,  the  tissues  are  hy  no  means  indifferent  tit  the  ions 
in  solution.     A  really  'normal'  saline  solution  wotdd,  therefore,  lie  one 
which  c(mtaine<l  the  same  salts  in  the  same  projKirtion  as  the  animal's 
own  liloiKl-plasma.     Ringer's  '  fluid  is  an  attempt  to  make  such  a  solu- 
tion for  the  frog.    Since  in  man  it  would  often  l>e  difficult  to  ol.udn  such 
ii  solution  when  wanted,  it  might  J>e  prcfend.le,  instead  of  using  an 
imperfectly  'normal'  saline  soluticm,  to  use  an  isotonic  solution  of  a 
non-conductor,  such  as  dextrose.     A  58  per  cent,  solution  of  dextrose 
is  i.sotonic  with  human  hlood-plasma. 

In  all  the  al.ove  experiments  it  has  Wen  found  that  skeletal  muscle 
responds  to  the  almormal  constant  stimulus  hy  an  activity  which  is  not 
constant,  hut  intermittent  or  rhythmical.  This  raises  the  .[Uestion 
whether  the  rhythmical  contraction  of  the  heart  may  not  he  the  normal 
response  of  that  particular  kind  of  nniscle  to  the  consumt  chemical 
stimulus  of  the  hlood-plasma,  and  the  same  might  he  also  jiartly  tnie  of 
the  rhythmical  activity  of  the  respiratory  and  vasomotor  centies. 

1  A  iiiotlitied  Ringer's  solution  contains  NiiCl   '  p*r  cent.,  C'liCL  (Xr^e  percent., 
and  KCl  -OS."!  per  cent. 
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CHAPTER    VII. 

FATir.UK  OF  A  VOLUNTARY  MOVKMENT  AND  OF  A  MUSCLK- 
NKRVK  PREPARATION  WITH  ITS  CIRCULATION  INTACT. 

When  a  \oIunta.y  movement  is  iepeate<l  sufficiently  often  fatigue  is 
pitxluced.     The  seat  of  this  fatigue  has  to  l)e  investigated  ;  it  might  he 
HI  some  part  of  a  neurone  in  the  central  nervous  system,  or  in  some 
part  of  the  peripheral  nerve  and  muscle:  in  other  words,  the  fatigue 
might  he  primarily  central  or  peripheral.     As  the  result  of  certain 
ergographic  ex{)eriment8  it  has  Injen  answered  that  this  fatigue  is  of 
central  origin.     The  experiments  consisted  in  lifting  a  heavy  weight 
suspended  over  a  pulley  hy  flexing  a  finger  and  registeri.ig  the  height 
of  each  successive  lift,     ^\•hen  the  movement  had  heen  repeate.1  until 
the  muscle  was  no  longer  ahle  to  lift  the  weight  at  all,  it  was  found  that 
electrical  stimulation  of  either  the  nerve  supplying  the  muscle  or  of  the 
muscle  Itself  caused  the  weight  to  he  again  lifted,  hut  to  a  less  height 
than  hefore.     When  the  electrical  stimulation  had  in  turn  fatigued  the 
movement  it  was  found  that  a  voluntary  contraction  of  the  muscle  was 
again  ahle  to  lift  the  weight,  owing,  it  was  supposed,  to  the  resting 
of  the  cells  in  the  central  nervous  system.     From  these  experiments 
.t  was  argued  that  the  fatigue  of  a  voluntary  movement  is  purely 
central.  ^       •' 

The  methods  used  in   the  ahove  experiments  are  open  to  grave 
ohjections,  and  it  is  necessary  to  touch  upon  some  of  these  in  order  to 
avoid  them.     The  use  of  a  heavy  weight  is  open  to  the  objection  that 
the  muscle,  when  no  longer  ahle  to  lift  that  weight,  is  still  capahle  of 
contracting,  and  could  well  lift  a  lighter  weight;  therefore,  it  is  better 
to  make  the  muscle  bend  or  pull  on  a  spring,  which  will  enable  the 
feeblest  as  well  as  the  strongest  pull  exerted  by  the  muscle  to  he 
recorded.      Again,  electrical  stimulation  of  a  nerve  or  a  muscle  can 
be  a  much  more  powerf-ul  stimulus  than  that  resulting  from  the  maximal 
discharge  of  a  motor  nerve-cell  ;  consequently  the  fact  that  peripheral 
stimulation  can  make  the  muscle  again  lift  the  weight  after  voluntarv 
impulses  fail,  is  no  proof  that  the  fatigue  was  central.    Further  when  a 
nerve  or  muscle  is  stimulated  by  electrodes  placed  upon  the  skin  it  is 
impossible  to  pr,Hluce  8.,ual  stimulation  of  all  fibres;  some  muscle-fibres 
will  receive  a  maximal  and  others  only  a   sulvmaximal  or  minimal 
stimulus,  and  the  pull  of  the  muscle  as  a  whole  will  be  equivalent  to 
that  of  a  weaker  muscle.     A\'hen  the  muscle  appears  to  be  fatigued  bv 
penpaerai  strnmlation,  then  a  return  to  volitional  stimulation,  by  pro- 
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(hieing  equal  stimulation  of  every  filtre,  leads  to  an  apparent  recovery 
of  voluntary  power.  In  this  way  is  to  he  explaine<i  the  apiiarent 
(Hiradox,  that  a  muscle  fatigued  hy  either  voluntwiy  or  peripheral 
stimulation  shows  a  recovery  of  power  when  stimulate*!  in  the  opposite 

way. 

In  order  to  investigate  this  suhject  we  shall  compare  the  curve  of 
volunUry  fatigue  taken  with  a  spring  ergograph  from  the  human 
abductor  indicis,  with  the  curve  ohtained  from  the  frog's  gastrocnemius, 
with  its  circulation  intact  and  stimulated  through  the  sciatic  nerve. 

The  Sprinc  Ergograph. — A  simple  form  of  this  instrument  is  shown 
in  Fig.  182  to  consist  of  a  rigid  upright  iron  Iwr  which  is  clamjieil  to 


Fill.  18-.'.— Spring  ergoKrapli. 

the  table.  From  the  upper  end  of  this  projects  a  horizontal  straight 
steel  spring,  the  free  end  of  which  carries  an  ordinary  writing  point. 
The  spring  carries  on  its  under  side  a  short  vertical  steel  arm,  the  lower 
end  of  which  fits  over  the  distal  end  of  the  second  phalanx  of  the  index 
finger.  When  the  abductor  indicis  contracts  the  spring  is  p»ishe<l  up  ; 
hy  sliding  the  vertical  arm  along  the  spring  the  magnification  of  the 
movement  and  the  strength  of  the  spring  can  be  altered.  The  hand  is 
placed  along  the  vertical  side  of  the  wooden  support  and  the  three 
outer  fingers  tied  to  it,  leaving  the  thumb  and  index  finger  free.  The 
forearm  should  be  fixed  to  the  bench  in  some  form  of  support,  but  care 
must  be  taken  not  to  tie  down  the  arm  sufficiently  tightly  to  interfere 
with  its  circulation. 

The  subject  of  the  experiment  should  sit  comforUibly  and  with  his 
eyes  shut,  should  not  be  spoken  to  nor  in  any  way  have  his  attention 
diverted,  but  should  confine  himself  to  giving  a  maximal  contraction  of 
his  muscle  every  time  he  hears  the  beat  of  a  metronome,  which 
is  set  to  give  a  beat  every  second.  The  observer  takes  the  time 
of  the  experiment  in  minutes  and  .so  calculates  the  number  of  contrac- 
tions recorded,  further  he  has  to  see  that  the  vertical  arm  does  not  slip 
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out  of  position  along  thf  finger.     In  this  way  take  300  to  600  con- 
traclions  on  a  drum  revolving  at  an  extremely  low  rate  (Fig.  18.3). 

At  first  sight  the  most  striking  feature  of  the  curve  i.s'the  more  or 
less  rhythmical  wa.ving  ami  waning  in  the  height  of  the  contracti<»ns ; 
this  seems  to  be  purely  central  in  origin  and  to  l.e  due  to  variatiojis  in 
the  strength  of  the  voluntary  impulse  communicated  to  the  muscle. 
Practice  to  a  large  extent  df>es  away  with  this  rhythm.      When  the 
height  of  the  contraction  is  measured  it  will  l.e  found  that  the  average 
height  decrea.ses  during  the  first  180  contractions  and  then  att^iins  a 
fairly  constant  level,  which  represents  aln.ut  85  per  cent,  of  the  height 
of  the  original  contractions.     The  initial  decrease  is  better  marked'^in 
Fig.  1H4,  and  here  the  fatigue-level  was  only  about  4.T  per  cent,  of  the 
original  height.      The  characteristics  of  an  ergographic  fatigue-curve, 
therefore,  are  an  initial  fall  which  takes  place  duruig  a  variable  number 
of  contractions,  an<l  the  attiiinment  of  a  fairly  constant  level,  which 
represents  varying   percentages  of  the    height    of   the   original   con- 
tractions.    This  curve  strongly  suggests  that  during  a  series  of  con- 
factions  two  processes  are  at  work  ;  one  by  which  available  combustible 
material  is  being  used  up  and  the  products  of  katabolism  are  accumu- 
lating, ami  the  other  by  which  both  these  defects  are  made  good  bv  the 
circuhition.      During   the   early   jmrt  of  the  curve   the   first  pn)ce8s 
,.reiK)mlerates  over   the   second   ami   the   height  of  the  contraction 
decreases,  but  as  soon  as  the  two  processes  exacth-  balance  each  other 
a   uniform    level    is   maintiiined    for   hundreds   of  contractions.     The 
probable  seat  of  these  processes  will    be  referred  to  after  the  next 
experiment  has  been  performetl. 

In  order  to  obtain  a  record  of  the  contractions  of  the  gastrocnemius 
with  its  circulation  intact,  arrange  the  apparatus  for  stimulating  the 
u'latic  nerve  with  maximal  induction  shocks,  using  a  simple  key  in  the 
prinmry  circuit.  The  cerebrum  of  the  frog  must  .>e  destroyed  "and  the 
muscle-nerve  preparation  made  withou*  causing  bleetiing.  The  cerebral 
hemispheres  are  destroyed  by  compression,  leaving  the  medulla  and  spinal 
cord  intact,  and  the  gastrocnemius  is  prepared  in  the  usual  way.  A  string 
ligature  is  placed  beneath  the  gastrocnemius  and  tied  tightly  round  the 
upper  part  of  the  tibio  fibula  and  the  remaining  muscles ;  the  leg  is 
then  cut  through  below  the  ligature.  The  whole  frog  is  placed  belly 
downwards  on  the  myograj.h-board,  a  strong  pin  is  pushed  through  the 
lower  end  of  the  femur  and  driven  firndy  into  the  cork.  A  piece  of 
moistened  flannel  is  then  pinned  down  over  the  tnuik  to  prevent  the 
contractions  of  the  muscles  of  the  trunk  from  disturbing  the  lever 
connected  with  gastroc»,emius.  The  skin  over  the  middle  of  the  thigh 
IS  divided  longitudinally  for  a  short  distance,  the  muscles  carefully 
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setMirated  nn.l  the  sciatic  nerve  exposed  and  freed  ;  the  nerve  is  gently 
raised  by  slipping  a  threa.i  beneath  it  and  the  electrodes,  insulated 
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from  the  tiiiderlyiiig  iimsclcs  by  a  small  piece  of  «ork,  art'  placed  beneath 
the  nerve.      It  is  essential  that  the  nerve  shouUl  not  lie  injureil  ami 


should  be  kept  properly  moistened  throughout  the  experiment.  The 
muscle  is  suitably  weighted  and  just  after-loadeu.  The  nerve  is 
stimulated  by  a  maximal  shock  every  5  sees.,  and  the  eonliaciioMS 
recorder  on  a  drum  revolving  at  the  slowest  iwssible  rate  (Figs.  185,  \8Q) 
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It  wiH  be  seen  that  the  height  of  the  contractions,  although  increasinj; 
at  first,  gradually  falls  off  until  at  the  e.id  of  about  200  contractions  il 
reaches  a  uniform  level,  which  represents  about  85  ,x>r  cent,  of  the 
original  height  an.l  was  then  maintained  with  scarcely  any  alteration 
tor  three-quarters  of  an  hour.  This  curve,  therefore,  is  identical  in 
general  form  with  that  obtained  by  the  crgograph.  Here  again  we  see 
an  Hutial  fall  and  then  a  constant  level  of  contraction,  representing 
probably  the  eqiulibrium  between  two  opposite  processes,  which  must 
m  th.P  cxse  be  affecting  some  i«rt  of  the  peripheral  nene  and  muscle 
The  actual  seat  of  this  peripheral  chat.ge  will  be  dealt  with  in  another 
chapter. 

Now  cut  through  the  leg  in  the  middle  of  the  thigh,  so  as  to  destroy 
the  circulation  through  the  gastrocnemius  and  continue  the  stimulation 
(tig.  187).  It  will  be  seen  that  the  height  of  the  coiit -actions  rapidly 
and  continuously  decreases,  and  that  at  the  end  of  abo  it  320  contra^ 
tions  the  muscle  is  no  longer  able  to  lift  the  lever  off  the  after-loadim: 
screw.  *' 

We  conclude,  then,  that  a  comparison  of  an  ergographic  tracing  with 
one  obtained  by  the  artificial  stimulation  of  the  motor  nerve  of  a 
muscle,  whose  circulation  is  intact,  does  not  demonstrate  the  existence 
of  central  apart  from  peripheral  fatigue. 


CHAPTER    Vni. 
THE  RATE  OF  TRANSMISSION  OF  A  NERVOUS  IMPULSE. 

The  rate  at  which  an  impulse  is  transmitted  alon-  a  nerve  is  important 
because  it  throws  some  light  upon  the  nature  of  the  impulse.  It  travels 
much  more  slowly  than  an  ordinary  electric  current,  and,  although  it  is 
accompanied  by  an  electric  change,  it  is  something  more  complex.  Its 
rate  of  propagation  is  27  metres  per  second  (88f  feet  per  sec.)  in  the 
frog's  sciatic  nerve,  and  33  metres  per  second  (108  feet  per  sec.)  in 
the  motor  nerves  of  man. 

(a)  In  the  Motor  Nenres  of  the  Frog.-The  following  experiment 
should  be  performed  for  the  determination  of  the  velocity  of  the  nervous 
impulse  in  the  sciatic  nerve  of  a  frog : 

A  recording  dnim  is  arranged  with  a  'striker'  for  completing  the 
circuit  of  the  primary  current  of  the  induction-coil.  To  the  secondary 
coil  are  attached  two  Du  Bois  keys  in  the  manner  shown  in  the  diagram 
(Fig.  189) ;  from  these  pass  two  pairs  of  electrodes,  one  (,f  which  will  be 
applied  to  the  upper  portion  of  the  nerve,  the  other  to  the  lower 
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lx>rtioii.  The  entire  length  «tf  the  sciatic  nerve  is  dissected  ont,  and 
the  gastnx-neraius  muscle  is  connected  with  the  lever  of  a  myograph  ; 
the  drum  is  arranged  for  rapid  revolution,  and  a  maximal  shock  is  to  Im" 
used  for  excitation.  The  latency  of  the  muscular  contraction  (Chapter 
HI.,  p.  22)  is  then  determined,  first  for  stimulatioji  l>y  the  upper  paii  of 
electrodes,  the  lower  pair  l>eing  short-circuited  by  closure  of  its  Du  IJois 


Fio.  IHO.— IMiiKram  of  the  cxiwriment  on  the  nitt  «f  tmn«nu»»l"ii  of  a  nvrvoiu 

impiilK. 

key  ;  then  the  experiment  is  made  with  the  lower  pair  of  electro<le8  foi- 
the  exciting  point.  The  time  of  this  latency  is  determinetl  l.y  rew.rding 
underneath  the  curves  the  vibrations  of  a  tuning  fork  with  100  vibra- 
tions per  second;  the  difference  in  time  between  the  moment  of 
stimulation  and  the  resulting  contraction  in  the  two  cases  represents 
the  time  taken  for  the  nervous  impulse  to  pass  along  the  length  of  nerve 
between  the  two  pairs  of  electrodes  (Fig.  189).  This  piece  of  nerve  is 
measured  in  millimetres,^  and  then  the  velocity  of  the  transmission  of 
the  nervous  impulse  is  calcidated. 

For  the  accurate  determination  of  the  rate  of  propagation  of  a  nervojis 
impulse  a  very  rapid  rate  of  movement  of  the  recoi-ding  surface  is 
required  ;  fjr  this  reason  the  spring-myograph  (Fig.  179,  p.  29")  or  the 
pendulum-myograph  may  be  usetl  with  advantage  in  the  place  of  the 

drum. 

(A)  In  the  Motor  Nervea  of  Man.— The  velocity  of  the  iransmission 
of  a  nervous  impulse  in  the  motor  nerves  of  man  can  be  determined  in 
the  following  way :  A  thick-walled  india-rubber  IwU,  similar  to  that 
used  with  a  photographic  'shutter,'  is  connected  with  a  recording 
tamlwur.  Two  clinical  electrodes  are  moistened  with  strong  saline 
solution  in  order  to  improve  their  conduction  and  contact  with  the  skin ; 
the  large  flat  electrode  is  fastened  to  the  leg  of  the  subject,  and  the 
small  electrode  placed  alwve  the  clavicle  will  be  pressed  over  the 
brachial  nerves.  These  electrodes  arc  connected  with  the  sec(jndary 
'  There  is  a  millimetre  scale  upon  the  slide  of  the  induction-coil. 
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coil  of  ail  inductoriuin,  and  in  the  primary  circuit  is  interposed  the 
'  trigger '  key  «>f  the  spring-myograph. 

The  india-rub)>er  )«11  is  lield  )>etween  the  middle  finger  and  the 
thumb,  and  the  contraction  of  the  flexor  muscles  will  Ite  recorrled  l>y 
the  lever  of  the  tamliour,  when  the  nerve  is  excited.  The  moment  of 
stimulation  is  determined  in  the  usual  way  (p.  25),  and  then  the  experi- 
ment is  again  performed,  but  with  the  small  electrode  pressed  over  the 
median  nerve  at  the  bend  of  the  elbow.  The  moment  of  stimulation  i« 
again  determined,  in  order  to  show  that  the  resting  position  of  the 
lM)irt  of  the  lever  has  not  been  changed.  The  difference  l)etween  the 
latency  in  the  two  contractions  is  measured  l)y  a  tuning-fork  vibrating 
100  times  per  second,  and  the  length  of  ner\e  between  the  two  points 
of  stimulation  is  estimated  ;  from  those  data  the  rate  of  transmission  of 
the  nervous  impulse  can  be  calculatetl. 


CHAPTER  IX. 


THE  P0LARISA1.V.N  OF  ELECTRODE.S  AND  UXPOLARISABLE 

ELECTRODE.S. 

Polarisation  of  Electrodes.— Ordinary  metal  electrocles  in  contact 

with  a  muscle  or  nerve  will  l»e  surrounded  by  lymph,  and  in  this  fluid 

electrolysis  will  take  place  during  the  passage  of  an  electric  current. 

The  ions  resulting  from  this  electrolysis  will  be  positive  and  negative 

respectively;   if,  therefore,  the  circuit  of  this  seat  of  chemical  and 

electrical  change  be  suddenly  made  or  broken,  a  shock  will  l)e  produced, 

for  the  wires  of  the  electrodes  surrounded  l)y  the  electrolysed  fliiid  will 

form  a  minute  battery.     This  can  be  demonstrated  by  the  following 

experiment :   A  pair  of  electrodes,  connected  with  a  Du  Bois  key,  is 

placed  under  the  sciatic  nerve,  which  has  been  expose<l  in  the  thigh  of 

a  pithed  frog,     flaking  or  breaking  the  circuit  causes  no  contraction. 

The  two  wires  of  a  Daniell  battery  are  connected  with  each  side  of  the 

Du  Bois  ke}',  and  the  current  is  allowed  to  pass  through  ti,        •  ve  for 

several  seconds.     Then  these  two  wires  are  rapidly  disconnected  from 

the  battery  and  key ;  the  key  is  closed  and  opened,  and  each  time 

a  contraction  of  the  muscles  of  the  leg  is  caused.     This  make  and  break 

can  be  repeated  several  times  with  a  similar  result,  until  the  polarisation 

has  disappeared. 

This  experiment  shows  the  necessity  of  unpolarisable  electrodes  in 
experiments  upon  the  effiects  produced  in  nerve  and  muscle  by  the 


ADVANX'ED   EXI'KRIMKNTAL   PMYSl<iI^X;Y 


:n:« 


[Kissiijje  of  a  coiiatant  electric  eurrpnt.  am!  hImo  the  iiecesnity  of  usiii^  a 
Dii  Bois  key  as  a  brid^'e  to  short-cirtuit  the  clectrtKlet*. 

UnpolariMble  Elactrodea. — The  precetlin};  ex|)eriniciit  has  shown  that 
the  electrolysis  (Kicurring  around  the  ordinary  metal  elcctro«li's  may 
easily  act  as  an  excitinj;  electric  current,  and  thus  canse  errors  in 
experiments.  In  onler  to  avoid  this  tmpolarisahle  electrodes  are  used. 
The  electric  current  from  the  Itattery  is  conducte*!  through  media  which 
aie  not  liahle  to  polarisation. 

The  structure  of   Hunlon-Sanderson's  electnxles   is   shown    in   the 
following  diagram  (Fig.  1!»0).     .\  smooth  amalgamate<l  zinc  rod  dips 
into  a   saturated   solution   of  zinc 
sulphate,    which    in   turn  conducts 
the  current  by  means  of  a  plug  of 
kaolin  or  china  clay,  made  into  a 
thick  [Miste  with  normal  .saline  solu- 
tion ("75  per  cent,  sfxlium  chloride). 
The  plug  rests  upon  a  small  glass 
tube  with  a  flange ;  this  delays  the 
spread  of  the  zinc  sulphate  into  the 
kaolin.     The  nerve  or  muscle  can 
be  placed  in  contact  with  the  plug 
of    kaolih,   or    may   be    connected 
thereto  by  threads  saturated  with  normal  saline  solution  and  kaolin. 
The  plug  nuist  be  kept  moist  with    normal  saline  solution,  for  the 
electrodes  have  a  high  resistance. 

The  electrodes  must  be  set  up  with  clean  h.inds  and  material,  other- 
wise polarisation  will  occur.  The  solution  of  zinc  sulphate  must  not  be 
allowed  to  touch  the  tissiie,  for  chemical  exciution  would  occur. 
Kaolin  and  normal  saline  solution  do  not  stimulate  muscle  and  nerve. 

The  previous  experiment  on  the  polaris,vtion  of  electrodes  should  be 
repeate<l  with  the  unpolarisable  electrodes.  The  result  will  be  negative 
if  the  electrotles  have  been  well  and  truly  made. 


Ki.^.  I'.Hl 


Sandeno'U'"  mtturii. 


llimliiti- 


CHAPTER  X. 
TRANSMIS.SIOX  OF   A   NERVOU.S  IMPULSE  IN   BOTH   IHRECTION.S. 

The  excitatory   state   praluced   by   stimulation   of  a   nerve   can   be 
transmitted  in  both  directions.     This  can  be  shown  by  the  following 
experiments. 
Sartoritis  Experiment.— The  sartorius  muscle  is  dissectetl  out  and  its 
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iliHc  end  is  divided  into  two  portions  (Fig.  191).  Stimulation  with  a 
weak  induction  shock  at  (a)  or  («'),  when  there  are  no  nerve-fibres,  will 
profluce  a  contraction  of  the  one  half  of  the  muscle.  Excitation,  how- 
ever, at  (b)  or  (//),  where  there  are  nerves,  will  evoke  u  contraction  of 
both  halves. 

OnciliB  Experiment. —The  gracilis  muscle  of  the  frog  is  in  two  por- 
tions completely  separated  by  a  tendinous  intersection  (Figs.  21,  19l'). 
Both  halves  of  the  muscle  arc  supplied  by  a  single  nerve,  the  individual 
fibres  of  v.hich  divide  and  supply  iKrth  halves  of  the  muscle.     Stimula- 


Kid.  1111.  -IliHifraiii  i)f  thi!  iwrtiiriiiK 
t-TIwriiiiuiit  ti«  nhi>w  the  tmiininiHMioii  of 
11  iKTviMiH  iiiipuliw  In  iMitli  (lirui'tioiiH. 


Km.  IW.  — IHrtt^mrii  of  the  (fnu-ilix 
e.-i|ivriijiciit  ti>  Khiiw  tliu  traUKiiiiHHloii  <if 
11  iicrvi>u»  iiiiiiulnu  in  txith  dircc-tlonK. 


tion  of  any  kind  at  (a)  or  (a),  where  there  are  no  nerve-fibres  causes 
only  the  corresponding  half  of  the  muscle  to  contract ;  but  excitation  at 
(b)  or  (//),  where  the  nerves  lie,  will  cause  both  halves  to  contract. 

With  this  last  experiment  should  be  cmtrasteil  the  so-called  "para- 
doxical contraction." 

Paradoxical  Contraction.— At  the  knee  of  the  frog  the  sciatic  nerve 
divides  into  the  peroneal  and  popliteal  nerves,  but  the  individual  fibres 
of  the  two  nerves  arise  separately  from  the  central  nervous  system  and 
lie  alongside  each  other  in  the  sciatic  nerve  (Fig.  193).  As  much  of 
the  popliteal  nerve  (a)  as  possible  is  carefrilly  dissected  out ;  the  nerve 
is  divided  and  stimulated  by  an  induction  shock  ;  the  muscles  supplied 
by  the  jwroneal  nerve  (b)  will  contract.  This  is  due  to  the  electrotonic 
current,  set  up  in  nerve  (a),  stimulating  the  fibres  of  (6)  where  the  two 
nerves  lie  close  together  at  (c).  It  is  not  due  to  the  transmission  of  a 
nei'vous  impulse  in  both  directions. 

Mechanical  stimulation  of  the  nerve  (a)  produces  no  polarisation  and 
therefore  will  not  cause  a  contraction  of  the  muscles  supplied  by  the 
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iienc  (i).  On  the  other  han.1  the  effect  of  electriml  stimulation  <>f  the 
nerve  («)  upon  the  nerve  (fc)  i»  not  ilue  to  simple  e-wHpe  of  ekntricttl 
.  urrent,  for  if  a  moist  threml  Ik-  tie»l  at  (..')  no  loi.tractioii  of  the 
nniscies  ^ippliwl  by  the  peroneal  nerve  will  he  obtained  when  the  nerve 
IS  Htiniulatetl  at  (<e).  A  moist  thread  will  not  »»lock  the  piwsj»»{«'  <'»"  '»•• 
olectrical  current,  but  it  destroys  the  physiolo^jical  contimiity  ot  the 
lurves  and  thus  prevents  the  extension  of  the  electrotonic  current. 


Vw.  U':t.-  KinKniiii  ..f  the  csiK^^rimcnt  kn..«  n  a,   ■  i»ira<l..xi<  iil  .■..iitm.li..ii 


In  certain  cases,  when  the  tissues  are  very  excitable,  the  .so-calle<l 
'•  ptuadoxical  contraction  "  api^ars  to  l>e  due  to  the  excitiition  of  the 
nerve-fibres  (b)  by  the  action-currents  of  the  adjacent  nerve  fibres  at  (.)• 
The  current  of  action  of  one  nerve  stimulates  another  nerve. 


I' 


CHAPTKIJ   XI. 

THE   UKLATION  BKTWKKN   MUSCLK   AND  NKUVK. 
INDKl'ENDKNT   KXCITABILITY   OF  MUSCLK. 


THE 


Ix  addition  to  the  experiments  which  have  been  descrilied  in  the 
elementary  course  (page  48),  the  following  experi- 
ment upon  the  sartorius  muscle  should  l>e  performe;!. 
The  sartorius  muscle  lies  ou  the  ventral  surface  of 
the  thigh  (Fig.  -'!),  and  its  outlines  can  be  made 
<listinct  by  sponging  it  with  the  frog's  heart  full  of 
blood.  The  muscle  is  carefully  dissected  out  and 
will  contract  when  its  nerve,  which  passes  into  the 
muscle  at  the  middle  of  its  inner  border,  is  cut  across 
by  the  scissors.  If  the  muscle  be  placed  between  two 
glass-slides  and  examined  under  a  microscope,  the 
iiistribution  of  its  nerve  can  be  seen  to  resemble 
that  shown  in  the  diagram  (Fig.  194).  The  finer 
branches  of  the  nerves  and  even  the  end-piales  can  ^^^i;;;;;,,,;;^^^^,,'^'- 
be  more  readily  seen  if  the  muscle  be  treated  with      „i'u«,ic  t..  »ii..w  the 

•^  •  1.  •       1        (liMtrilmtiuii    of    itii 

av,titic  acid.     There  are  no  nerves  in  the   terminal      „.,rvo.. 
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IKiitions  of  this  niuiMie,  which  coriaiMt*  ..f  fil»re»  nmniiijf  in  a  dirfction 
Iturallol  with  ita  length. 

The  sartoriiw  niiincle  in  diaMdetl  from  the  other  thigh  ;ind  the 
iHTveleM  paitH  are  Htimulated  hy  a  pinch  with  a  pair  of  force|)»i  or  ».y 
an  electrical  «hwk  :  they  contract,  the  muscle  poRsesHes  inde|)emlen"t 
excitability. 

The  ahnence  of  nerves  from  the  torminitl  jwrtions  can  also  Iks  shown 
in  the  following  way.  The  muscle  is  susp^-ndeil  from  its  tibial  end  and 
IS  lowered  until  the  cut  iliac  end  touches  w.nie  strong  glycerine  con 
tainwl  in  a  watch  glass  ;  it  d..eH  not  contract.  A  thin  transverse  slice 
is  cut  away  and  the  muscle  is  again  lowere«l  into  contact  with  the 
glycerine ;  there  is  still  no  contraction.  This  procedure  is  re|watc.l 
untd  the  nerves  are  cut  across  and  on  contfict  with  the  glycerine  are 
stimulated  and  make  the  muscle  pass  into  a  contracted  condition. 


CHAPTER   Xn. 

THK   KFFECT  OF  TEMPERATUKK   UPON   THK    KXCITAHIUTV   OK 
NEHVK.    THE   MOIST  CHA.MBER. 

LlviN<;  structures  conUiin  about  80  per  cent,  of  water,  and  u|K>n  th(. 
presence  of  this  water  largely  doiwnd  many  of  the  physical  and 
chemical  changes  which  underlie  the  phenomena  of  life,  h  is  impor- 
tant, therefore,  that  in  exact  e.\|)eriment8  precautions  should  be  taken 
to  prevent  the  drying  of  living  tissues.  For  this  purpose  the  moist 
chamber  is  used.  It  consists  of  a  glas-s  case  to  cover  the  myograph  or 
other  apparatus  employefl  for  holding  the  tissue,  and  it  is  kept  moist  by 
the  presence  of  a  piece  of  tow  or  cotton-wool  soakcl  in  water. 

The  excitability  of  nerve  is  altered  by  changes  of  temperature 
Local  cooling  raises  the  excitability,  but  in  order  to  demonstrate  this 
special  precautions,  as  Gotch  has  shown,  are  necessary.  For,  when  a 
moist  electrolyte  is  cooled  it^  resistance  is  increa.sed  and  therefore  with  an 
electrical  stimulus  the  physiological  increase  in  excitability  may  becm- 
pletely  obscured  by  the  physical  increase  in  resistance.  In  "order  to 
eliminate  this  source  of  error  it  is  only  necessary  to  :xtimtilate  the  nerve 
by  a  galvanic  current  passing  through  a  large  ext.nal  resisUnce, 
100,000  ohms.  ;  in  this  way  any  change  in  the  re.sista.ic-  of  the  nerve 
will  l>e,  when  compared  with  the  total  resistance  of  tho  circuit,  so  ..mall 
as  to  be  negligible. 

A  freshly  prepared  muscle  and  nerve  preparation  is  placed  in  the 
moist  chamber  and  under  one  portion  of  the  sciatic  nerve  is  placed 


AI»VANt'EI>   KXI'KHIMKNTAL   IMIYS|oL«m;Y  M' 

A  ■.iiiiill  f<ltti»g  tiiJw  through  whiih  n  itiireiit  «>t  wanii  or  inltl  water 
,  ,111  Ih-  ciniiliitiHl.  Tho  inaki'  >•»'  a  dc-oi'iHliiij;  riirrtiit.  is  iwi-d  an 
ilir  stiiiiiililM  «<>  that  the  kathinlo  i*  ii|h)|i  that  jMtrliiin  of  tlic  iutnc 
uhith  ii*  snhjettfti  to  thi-  rhan^e  of  t.'m|>tMatiirc  (Fif*.  I'.»">>.  A 
tiiiiiiiiml  stinmhis  jm  ohtaiiiol  for  thi'  m-r  f  wht-n  tht-  ifiiiiii-iatiuv  i» 

Hi 


Ki...  1'.' 


iln  "I  tlii'  •  \|"  I  Mll'Ilt  I"  -ll"«    till'  (Hi- 
.X.  lTatMllt\-  "i  lit  I  Vi'. 


•t  It  iii|»  iMt  no  ii|"iii  til. 


that  of  the  room.  1')   (".      I'ln'  height  of  tln' coiitrattion  i-  rcconloil  oi,  a 
stjUioiiiirv  (hiiiii,  \vhi<  li  can  t>j  iuovimI  hy  haii'l  lulnrc  the  next  mntrac 
tioii.     A  itirriMit  of  coM  watfr.  5'  (".,  is  passul  thmtinh  the  tiiln'  :  tlic 
stimulus  will  now  prtHlmc  a  maximal  contraction.     Warmiiii;  the  iicrxo 
will  have  an  opjiosite  effect. 


CHAPTKH    XIII. 

THK  INFLUENCE  OF  CARBON  DIOXIDK,  Kl'HKK  AND  CHLOHOKOK.M 

UPON    XKRVK. 

The  effects  of  the  above  agents  u{H>n  the  excital.ility  and  conductivity 
of  nerve  can  lie  shown  \<y  the  following  exi»Tinient.  The  sciatic  nerve 
of  a  muscle-  and  nerve-preparation  is  passeil  through  two  notches  in 
the  cork  of  a  simiU  gaschamlier,'  the  holes  ai'e  closed  around  the  nerve 
bv  kaolin  moistened  with  normal  tap-water  sidine  solution,  and  the 
top  is  closed  by  a  glass  cover-slip  fastened  down  with  kaolin  (Fig.  1!>6). 
In  this  way  the  action  of  the  gas  or  vapour  is  confined  to  one  jxirtion 
of  the  nerve.  The  preiKiration  is  placed  in  a  moist  chamber  after  two 
pairs  of  electrotles  (a)  and  (/<)  have  been  arranged  in  the  way  shown  in 
the  diagram.  By  means  -  >f  glass  tultes  eotinected  with  long  pieces  of 
rubber  tubing  the  gas  or  vapour  can  be  conducted  through  the  gas- 

'  A  small  ga»-chainber  can  be  easily  matie  out  <if  a  targe  cork.  W  ith  |<k  larjjc 
l»orer  the  centre  is  cut  out  and  a  slice  of  the  plug  no  i*ii,i)ve<l  is  reinserteil  to  form 
the  rtoor.  Two  needles  are  pushed  throujr  the  waiia  of  the  ■.Immljer  to  form  the 
pair  of  electi-odes  (6). 
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chamber  without  any  escape  into  the  moist  chamber.  Minimal  stimuli 
are  obtained  for  the  nerve  lying  on  the  two  pairs  of  electrodes,  and 
the  contraction  is  recorded  upon  a  stationary  drum.  A  stream  of 
carbon  dioxide  is  passed  through  the  gas-chamber;  the  minimal 
stimulus  is  no  longer  effective  at  (6),  but  is  still  adequate  at  (a).  The 
carbon  dioxide  has  locally  lowered  the  excitability,  but  has  not 
affected  the  conductivity  of  the  nerve.  Fresh  air  is  drawn  through 
the  gas-chamber  ;  the  stimulus  at  (6)  will  again  become  effective. 


Fi<i.  lOti.— IXaKram  nf  the  experiment  ujioii  the  influonce  of  carlion  dioxide,  ether 
iiiid  chloroform  on  the  excitability  and  conductivity  of  nerve. 

This  experiment  is  repeated  with  ether  or  chloroform,  and  it  is 
found  that  both  the  excitability  and  conductivity  are  diminished. 
The  removal  of  the  vapour  by  a  current  of  fresh  air  will  restoi-e  both 
the  excitability  and  conductivity.  Prolonged  action  of  the  anaesthetic 
will  protluce  poisoning,  and  in  this  resjHJCt  chloroform  is  much  the 
more  toxic  of  the  two. 


CHAPTER  XIV. 

THE  EFFECT  OF  A  CONSTANT  ELECTRICAL  CURRENT  UPON  THE 
EXCITABILITY  AND  CONDUCTIVITY  OF  NERVE. 

Thk  passage  of  a  constant  current  produces  changes  in  the  excitability 
of  nerve,  at  the  anode  there  is  a  condition  known  as  anelectrotonns, 
the  excitobility  is  diminished ;  at  the  kathode  there  is  an  increase  in 
excitability,  a  state  of  katelectrotoniu.  The  conductivity  is  also 
affected,  there  is  a  fall  in  both  the  anodic  and  kathodic  regions. 
These  effects  can  }>e  shown  by  the  following  experiment. 
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One  Daniell  battery  is  connected  by  two  wires  with  a  Pohl's  reversor 
whereby  the  direction  of  the  current  can  be  changed ;  from  the 
reverser  the  wires  pass  by  means  of  a  Du  Bois  key  to  a  pair  of 
unijolarisable  electrodes.  This  is  the  polarising  circuit.  The  stimu- 
lating circuit  is  set  up  separately  for  the  production  of  single  induction- 
shocks  (Fig.  197).  A  preparation  of  the  sciatic  nerve  and  gastrocnemius 
muscle  is  carefully  made  from  a  recently  pithed  frog,  and  is  placed  in 
a  moist  chamber ;  a  pin  is  fixed  through  the  lower  extremity  of  the 
femur,  and  the  tendo  Achillis  is  connected  by  a  thread  with  a  lever. 


Fici  W7  — Wiurram  of  the  oxiwriment  on  the  effect*  of  a  consUiit  electrical  ciirreiit 
(ijRHi  the  excitability  and  conductivity  of  nerve. 

The  sciatic  nerve  is  placed  across  the  kaolin  plugs  of  the  unpolarisable 
electrodes.  The  drum  can  be  moved  by  hand.  A  minimal  stimulus 
for  the  nerve  ia  obtained,  care  being  taken  to  use  only  the  break  or 
make-shock.     The  minimal  contraction  is  recorded  on  the  stationary 

drum. 

The  current  from  the  polarising  circuit  is  closeil  in  an  ascending 
direction,  so  that  the  current  enters  the  nerve  on  the  side  near  the 
muscle  and  immediately  above  the  stimulating  electrodes,  which  are 
connected  with  the  inductorium.  The  nerve  aroinid  the  point  of  entry 
or  anode  of  the  polarising  current  is  depressed  in  its  excitability,  and 
the  application  of  a  minimal,  or  even  stronger,  stimulus  is  no  longer 
effective  (Fig.  198).  The  polarising  current  is  short-circuited  by  the 
Du  Bois  key,  and  by  means  of  the  reverser  is  changed  in  its  direction, 
so  that  on  opening  the  Du  Bois  key  the  current  is  descending,  and  the 
area  of  nerve  near  the  stimulating  electrodes  passes  into  a  condition  of 
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katelectrotonus.     The  minimal  stimuli  now  be'ome  maximal,  owinji 
to  tlie  increase  in  the  excitability  of  the  nerve  at  the  katho«le 
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The  above  experiments  can  be  repeated  with  a  crystal  of  common 
salt  placed  in  the  position  of  the  stimulating  electrodes.  The  salt 
causes  chemical  excitation,  and  the  muscle  shows  incomplete  tetanus, 
which  is  quelled  by  anelectrotonus,  and  augmented  by  kiitelectrotonus 
(Figs.  200,  201). 
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The  effect  of  the  constant  current  upon  the  con(Jnctivitv  of  the  nen-,- 
i«  determined  upon  the  same  preparation.  The  stimulating  electrodes 
are  place«l  ui^.n  the  central  part  of  the  nerve;  a  minimal  stimulus 
IS  found,  and  its  effect  is  reconled  upon  the  stationary  dnim  The 
polarising  circuit  is  now  close<l  through  the  nerve  in  either  the 
ascending  or  descending  direction,  and  then  the  minimal  stimulus  is 
again  applied.  It  is  no  longer  effective  owing  to  the  <lecrease  in  the 
conductivity  of  the  nerve.  This  change  in  the  eon.iuctivity  of  nerve 
IS  also  shown  in  the  third  stage  of  Pflugers  Liw  of  Contraction.  an.I 
u.  the  experiment  nix)n  the  a))sence  of  fatigue  in  a  stimulated  nerv 
(Chapter  XVII.,  j).  :VM>}. 


CHAPTER  XV. 

LAW  OF  EXCITATION.     PFLU(JER'.S  LAW  OF  CONTRACTIOX. 

AccoRDiNc;  to  I)u  Kois  Reymond's  Law  of  Excitation  the  efficiency  of 
an  electrical  current  as  a  stimulus  to  a  nerve  depends  upon  the  rapidity 
of  the  change  in  the  strength  of  the  current  passing  through  a  given 
sectional  area  of  the  nerve.  The  changes  in  the  electrical  current  are 
most  abrupt  at  the  point  of  entry  and  the  point  of  exit,  the  anode  and 
kathode  respectively.  Excitation  starts  at  these  points :  thus  at  the 
make  of  a  galvanic  current  the  excitation  takes  place  at  the  kathode, 
and  at  the  anode  when  the  circuit  is  broken.  Excitation  is  produced 
by  a  sudden  rise  in  excitability  produced  by  the  appearance  of  kaldedro- 
tonus,  or  tJie  dimppeamnce  of  anekdrotonm.  In  both  cases  the  molecular 
stability  of  the  nerve  is  sudflenly  lessened. 

The  effect  will  vary  accortiing  to  the  strength  and  direction  of  the 
galvanic  current,  for  if  there  be  an  intervening  region  of  anelectrotonus 
or  of  subsiding  katelectrotonus,  the  conductivity  of  the  nerve  in  this 
region  will  be  diminished,  and  the  transmission  of  the  excitatory  state 
will  be  blocked. 

Miiger's  Law  of  Contraction,  as  stated  below,  can  be  de<]uced  from 
the  above  facts  and  can  be  proved  by  simple  experiments. 


[Pfliiger'g  Law  of  Contraction. 
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Bitter's  totaniu  is  due  to  a  proloiigod  excitation  at  the  anode,  when 
the  circuit  of  a  very  strong  current  is  broken :  injury  of  the  anwlic 
region  of  the  nerve  abolishes  this  effect. 

In  order  to  prove  Pfluger's  Law  the  following  experiment  should  bt* 
made.  A  pair  of  unpolarisable  electrodes  are  connected  to  a  rheochord 
in  the  manner  shown  by  the 
diagram  (Fig.  204).  From  the 
Daniell  battery  two  wires  pass 
by  moans  of  a  Pohl's  reverser  to 
the  tenninals  of  the  rheochord. 
A  muscle-  and  nerve-preparation 
is  made  and  is  placed  in  a  moist 
chamber.  The  lever  connected 
with  the  muscle  is  made  to  write 
upon  a  stationary  drum. 

By  closing  a  mercury-key  a 
weak  current  is  sent  through  the 
nerve  in  an  ascending  direction, 
the  anode  Iteing  the  nearer  to 
the  muscle.  A  minimal  contrac- 
tion occurs  at  make,  but  there  is 
no  contraction  at  break,  for  the  rise  in  excitability  at  the  former 
anode  is  insufficient  to  cause  an  excitation  (Fig.  205  (1),  (2)).  The 
current  is  reversed  and  the  experiment  i.s  repeated. 

Now  by  means  of  the  rheothonl  the  current  is  strengthened  and  the 


Km.  •.>(>».-  DiiiKraxi  "'  th«  exiwriiiiuiit  uixiii 
rfltl({cr'«  Law  ..f  (■.>ntrH<-tl"ii. 
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results  oliserved  with  the  make  and  break  of  both  ascending  and 
descending  currents.  There  is  a  contraction  in  each  case,  but  the 
contraction  at  Jtreak  is  minimal  for  the  disappearance  of  anelectrotonus 
is  the  less  effective  stimulus  (Fig.  205  (3),  (4)). 

The  rheochord  is  removed  and  the  entire  current  of  one  or  two 
Daniell  batteries  is  used.    There  is  now  a  maximal  contraction  at  make 


Fio  205.-Pan({er«  Ijiw  of  Contraction.  1  and  2,  Weak  conntant  current.  3  and 
4,  Moderate  utrength  of  current.  .'.,  HtronK  current.  M  =  point  at  which  current  wan 
made,  H  =  point  at  which  current  wa«  broken.  The  nun.Jient  5,  rt,  10,  and  12  Indicate 
the  Bcale  of  the  rheochord  :  4  I)  indicHte«  that  the  current  was  that  of  4  llanlell  cells 
The  amiWH  Indimtc  the  direction  of  the  current,  asccndlnK  or  descendniK  as  the  case 
maylw.    Tlie  cur\-e  should  lie  rcatl  frtmi  left  to  rijrht.    (.M.S.!'.) 

of  the  descending  current,  and  at  break  of  the  ascending  current 
(Fig.  205  (5)).  When  the  ascending  current  is  made  the  excitation  at 
the  kathode  is  blocked  by  the  anode  below  ;  when  the  descending  cuirent 
is  broken  the  eiccitation  due  to  the  disappearance  of  anelectrotonus  is 
blocked  by  the  diminished  conductivity  and  excitability  of  the  region 
below,  in  which  the  katelectrotonu.s  has  disappeared.  To  everv  action 
there  is  a  reaction. 

With  four  or  five  Daniell  cells  the  experiment  is  again  repeated.    The 
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current  is  allowcil  to  flow  in  an  aaceiuiing  direction  for  ten  minutes : 
breaking  the  circuit  causes  tetanus  (Bitter'i  Tataniu).  If  the  current 
be  recJosed  the  tetanus  ceases  (Fig.  206  (i>)).  After  a  further  |»erioti  of 
ten  minutes  the  current  is  again  broken,  tetanus  occurs  and  will  ]ie 
increased  if  the  current  be  closed  in  the  dewending  direction  (Fig.  20<J 
(2)).  If  the  nerve  ite  divided  on  the  far  side  of  the  anode  during  the 
tetanus,  the  twitches  are  not  abolished  for  the  excitation  is  occurring 
at  the  former  anode  (Fig.  206  (2)). 

These  results  are  more  readily  understood  if  it  lie  remembered  that 
a  rise  in  exciUibility  occurs  with  the  tippfarame  of  kaUdrolmiis  and  the 
•Hsiippeamiire  of  aneketrotonus,  and  that  a  region  of  depressed  excitability 
is  found  in  the  part  in  which  anelertrolimus  is  set  up,  or  in  which 
katelectrofimus  has  jiixt  disujijieam/.  A  sudden  rise  in  excitability  pro- 
duces a  stimulation. 


CHAITKK   XVI. 


THK  EFFECT  OF  A  COXSTAXT  ELECTRICAL  CURRENT 
UPON   MCSCLE. 

It  has  been  already  shown  that  the  make  and  the  break  of  a  con- 
stunt  electrical  current  stimulate  nerve ;  this  is  also  the  case  with 
muscle.  <hi  the  make  of  the  ciinrnt  the  contruiiion  starts  from  the  kathode  ; 
at  liieak  the  contraction  starts  from  the  mtode.  The  appearance  of 
kutelectrotoiuis  and  the  disappeamuce  of  anelectrotoiuis  stimulate 
>  oluntary  muscle ;  for  canliac  muscle  this  has  already  l)een  proved 
(page  50). 

The  following  experiments  .should  be  performed  upon  the  .sartoriui* 
muscle. 

The  Clamped  Sartoriua. — A  pair  of  unpolari.sable  electrwlcs  are 
made,  and  threads  which  have  l)een  well  soaked  in  normal  saiiiio 
solution,  and  covered  with  kaolin,  are  fixed  to  the  kaolin  plugs.  The 
sartorius  muscle  is  carefully  dissected  from  a  curarisecl  frog  (page  49) ; 
the  muscle  should  not  be  cut  away  from  its  origin  and  attachment, 
but  pieces  of  the  pelvic  girdle  and  of  the  tibio-fibula  are  left,  so  that 
ligatures  may  be  tied  to  these  without  damage  to  the  muscle.  The 
siirtorius  i.s  now  very  carefully  clamped  in  the  middle  by  (Jaskell's 
clamp  fasteneil  to  a  vertical  stand  (Fig.  225,  page  345) ;  the  muscle  is 
held,  but  not  so  tigl.tly  as  to  damage  its  continuity  and  power  of  con- 
duction. The  pieces  of  Imjuc  at  the  ends  of  the  sartorius  are  fastened 
by  ligatures  to  two  light  levers  fixed  to  the  vertical  stand,  and  then 
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Kii..  aiT.  A  M-iTW  t'Uiiip  which 
c»n  b*  ni«>iB  to  rwiTru  the  purvoie 
uC  »  <  iitnkeU's  I'litmp.  Two  nniHll 
weiiifiii  "' '■'"■''  *"■  t^iod  •"'•  *" 
thii  loweat  iMr  ami  tho  other  tu 
the  iiiuviikWIo  Ixir. 


the  thrtwU  of  the  u«ijK>lurimi»>U'  eUetnKl»'n  are  tiwl  g.iitly,  on.'  to  .'luh 
.■ikI  of  the  niu>»cle.  The  t-oiuluftivity  of  the  threndx  is  luaiiitaimMl  hy 
the  saline  kaolin.  The  (Hii).»luiiHft»>le  eh-etitMleH  are  lonneetwl  l.y  a 
Du  lioid  key  with  a  rheochonl  unil  Daniell  eell. 

On  closure  of  the  current  the  lever  attached  to  the  kathixlic  end  will 
move  first ;  the  contraction  sUirts  in  this 
|M>rtion  of  the  muscle  ami  spreads  throuj^h 
the  length  of  the  sartorius.  On  »>reak  of 
the  current  the  other  lever,  the  one  atUiche<l 
to  the  anodic  end  of  the  muscle,  will  m<»ve 
first.  The  direction  of  the  constant  current 
should  iHi  reverse*!  and  the  exiierinient  re- 
jKjateil.  so  that  a  control  may  Iw  placwl 
upon  the  n  H'ts. 

If  a  graphic  reconl  Iks  taken,  the  levers  sh.mUl  lie  of  wpial  length  so 
that  their  writing  jjoints  will  murk  the  one  vertically  un.ler  the  other. 

Bngelxnann'B  Experiment.— The  other  sjirtorius  nnis«le  of  the 
curarise<l  frog  is  dissected  out  with  a  piece  of  the  pelvic  girdle  and  is 
8U8pende<l  hy  fixing  a  pin  through  the  lH)ne  ;  the  ka..lin  plugs  of  the 
unpolarisahle  electrodes  are  replaced  l>y  two  new  plugs  so  ananged 
that  the  constant  electrical  current  can  be  made  to  pass  transversely 
across  the  pelvic  end  of  the  muscle.  When  the  current  is  made,  the 
free  end  of  the  muscle  moves  towards  the  kath(Klic  si.le  ;  hut  towanls 
the  ancnlic  side  when  the  current  is  broken. 

Biedermann's  Experiment.— The  sartorics  iuu.sc-le  is  carefully  dis- 
sected fnmi  a  pithed  frog  and  is  left  attached  to  the  pelvic  girdle. 
The  surface  of  the  muscle  is  gently  dried  wit'u  filter-jwjH'r  and  then  is 
striped  transversely  with  equidistant  black  lines ;  for  this  purixwe  a 
fine  psiint-brush.  or  bristle,  and  black  wa'er-colour  iwint  are  used.  The 
thread  of  o-ie  unpolarisabic  electrode  s  placed  on  the  muscles  of  the 
frog's  alxlv.nun,  the  thread  of  the  other  electriHle  is  brought  into  con- 
tact with  a  portion  of  the  strijied  ^irtoriu.s.  The  unijolarisjible  elec- 
trodes are  connected  with  a  Daniell  cell  by  a  Du  Bois  key. 

In  the  first  place  let  the  electrcxlc  applied  to  the  sartorius  muscle  Ik- 
the  anode.  On  closure  of  the  el.-ctrical  current  the  black  lines 
can  be  seen  with  a  lens  to  recede  from  one  another;  the  muscle 
relaxes  in  the  aiunlic  region.  Anelectiotonus  causes  a  decrease  in 
excit:ii.ility ;  the  tone  of  the  muscle  is  diminished.  The  direction  of 
the  constant  current  is  now  reversed:  on  closure  the  black  lines 
apprnjvch  one  another:  the  muscle  contracts  in  the  kath<xlic  region. 
Katelectrotonus  pro<lucea  a  rise  in  excitability  ;  the  tone  of  the  muscle 

la  increased  :  it  contracts. 
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THK  ABSKNCK  OF  KATI(;UK  iV  A  MTIMUTVTKD  XKRVK. 

Nekvks  tti»>  notmihjwt  to  fatigue,  .'v.n  if  th.-y  Im  i-  (NHtwlly  HlinnilaU-*! 
forlc.iig  perifKlH  of  time.  The  following  t'X|K;iiiiut.t  ii-.t  only  (l.-inon 
Htmtfs  this  fact,  hnt  at  the  Haiiie  time  shows  that  •In-  |wsKif;e  of  h 
constant  electrical  iiirrent  thmujjh  a  |K)rtion  of  n  nerve  UiiK'kn  th. 
transmission  <»f  the  excitatory  (-tate  which  is  pro«luced  in  the  nerve  hy 
a  stimuhm  applied  above  the  |M»larising  electrodes  (fnige  .324). 

An  induction  coil  i.s  arranged  for  faradic  8h(K  kn.  and  a  pair  of  mi 
[K)lari8aJ>le  clectrtwles  are  connecter!  hy  a  Du  Hois  key  with  a  Duniell 
cell.  The  two  sciatic  nerves  of  a  pithed  frog  are  dis.s<M  i,  ,1  up  to  fhcit 
points  of  exit  from  the  vertebral  column.  whi<h  is  then  cut  .icrog»a}K>ve 
the  nerves.  The  thighs  arc  cut  away  above  the  knee,  an<l  the  tw(.  l.-^^s 
with  their  nerves  are  placed  in  a  moist  chanil)er,  and  are  fixe<l  l»y  pin- 
pushed  through  the  lower  extremities  of  the  femora.  The  stimuliiting 
electrodes,  which  are  connected  with  the  secondary  c  .1  l.\  mcfins  of  a 
Du  Hois  key,  ;  .-e  t.i  .ce«l  under  both  sciatic  nerves  ;  the  uii})o!uri.sjd)le 
electrmlcs  are  placed  under  one  sciatic  nerve  midway  betw.  in  the 
mu.scle  anil  the  stimulating  electro<les.  The  induction  shocks  arc  now 
allowed  to  juiss  through  }>oth  nerves  for  a  few  si-i-onds  ;  the  miKscles  of 
both  legs  arc  thrown  into  tetonus.  The  stimulafion  is  stop|K'd  and 
the  imlarising  current  is  passed  thi'  -^^li  the  one  sciatic  nervc.  The 
faradisation  of  Iwith  nerves  is  again  commenced  ;  the  niu.scic  in  the 
one  case  will  be  sent  into  tetainis  and  ipui^kly  fatigued,  but  th-  other 
muscle  shows  no  contraction,  for  the  jjolarising  current  fia-ssing 
through  its  nervc  blocks  the  j)as.sage  of  the  nervous  inipuls.  voked 
by  the  stimulating  electrodes.  When  the  Hrst  nuisclo  is  fati.  .1  th( 
polarisijig  current  should  be  t-roken  ;  the  block  is  removed  tr..!n  the 
course  of  the  sciatic  nerve  of  the  ntli,-r  muscle,  which  is  .n  mce 
tetanised  by  the  stimulation  of  its  nervi. 


CHAITKR  X\  111. 
THE  ELECTROMOTIVK  I'ROI'KRTIKS  OF  MUSCLE  AND  N     RVE. 

Thkkf.    .simple    evprinf.'nts    ujx*?!     the    elect n.iiiotivc    pnij»  -^-    « 
nuiscle   have  already  Ikjcii  descrilKsd   (jNtge    .".1).      The   follow  ng 
periments  recpiire  more  care  and  very  e.\citablf  ii.>«ues. 


^  ^  >:  ^^!f^s^^samM  t) 
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t'Xcitabli-  iit-rvr  It-  laid  ujxiii  Ui>  hi*art  <i!  a  fF»ii;  _  it  ttw  •  it  i-nil 
of  thi>  tn-rvi-  if  -ii  the  \mm'  ai'«l  th«'  lon^itijitKi  «ir*a«  .|)itii  thf 
ifit'X  "f  th»'  vt'ntiK'li'.  a  twitrh  "t  the  iiiu.-  !«•  !•««»•  -tFl  w«  ho  riorvi^ 
IS    nlHcrvwl    at    uiu  h    contnM'ti"       of    thf    vciitri  V.  ».' 

iiin!«'le-til»r»'«  <»f   th--    veiitru  0  n  i  tr»itt.   'i      'Hrr<  i>    ^ 

<luce<i  uikI  stiniulatf    thf  iht^c 

A  tin*'  gluMM  dmI  sI     ilil  III    pku    <l  un<l<-        "  mii'-        p<iui<iri  of  tt 
k'nj;th  of  iu'iv<-.  whi         :<■*  on   •        vpiitri'  u:  -a  thai     he  cuneiit  iiiiu 
not  Ik'  -ibiirt  cii-  uiteii 
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Comi     of  Action "   of  another 

lly   ilissccti'd    on   t'uch 
|)|tinj;  tin-  other ;    thi- 


Stimulation  of  a  Mtucle  hy 
Musde       riu'    -  irtoiiu*   mustl'  rv   cii 

...  ai,  ;  »hfs    [he  on      misclf  is    •.:     ed  :i\ 
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I'uir'itt  !.■/  •trti'iii     in  the  Hrst  .stiniiilutcs 


■"  ■-  -  DLiKriim  of  the  experiment  to  «h"«  the  Ktlmiilulloii  of  a  nerve  hy  Its  own 
"I'urrent  of  injury. ' 

auition  of  a  Nerve  by  its  own  "  Current  of  Injury.  —Two 

^iioliri  moisti  lu'd  with  norinai  -aliiic  solution  are  placed  iifxin 
of  gla-s.*.  and  the  tails  of  the  Jtliigs  are  made  to  hanj;  over 
•  (Fig.  I'tia).  The  sciatic  nerve  of  a  pithed  frog  is  earefully 
i  down  to  the  knee,  the  thigh  is  eiit  aero.s.s,  liut  the  leg  and 
re  left  intact.  The  nerve  is  so  placed  that  its  cut  surface  is 
upon  one  plug  and  its  longitudinal  surface  upon  the  other  plug.  .\ 
watch-glass  tilled  with  strong  .saline  solution,  which  is  a  gotxl  con- 
ductor of  electricity,  is  suddenlv  brought  in  ( (intact  with  the  ends  of 
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the  kaolin  plugs;  thus  the  circuit  is  suddenlv  made  and  can  he 
suddeiily  broken  hy  the  removal  of  the  watch-glass.  If  the  prepar- 
ation be  very  excitable,  a  twiU;h  is  observed  at  each  make  and 
break  of  the  circuit ;  the  nerve  is  stimulated  when  the  ciwuit  of  it-i 
"  cutrent  of  injury  "  is  completed  or  broken. 


CHAPTER    XIX. 

THE  ELECTROMOTIVE  PROPERTIES  OF  MUSCLE  AND  NERVE- 
CcNTiMKi..  THE  GALVANOMETER  AND  THE  CAPILLARY 
ELECTROMETER. 

DKMONSTRATioxs.^The  galvanometer  and  the  capillary  electro- 
meter are  delicate  instruments  which  are  easily  damaged;'  they  are 
employed  to  investigate  the  electromotive  properties  of  muscle  and 
nerve.  The  essential  experiments  upon  that  subject  have  already  been 
performed  by  means  of  the  so^jalled  "  rheoscopic  frv)g."     In  this  course. 


Flo.  SIO.— CkUTanometeri. 


therefore,  the  experiments  with  the  galvanometer  and  the  capillars 
electrometer  will  be  demonstrated  to  the  student  and  otdv  brief 
details  will  here  be  given. 
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The  Galvanometer  omployed  in  the«c  experiments  is  Kelvin's 
leHecting  galvanometer.  It  consists  of  a  suspendeil  system  of  magnets 
so  arranged  as  to  make  the  system  nearly  "  astatic  " ;  the  magnets  are 
surrounded  by  coils  of  many  timis  of  tine  insulated  wire.  The  resist- 
ance is  high,  from  5000  to  20/)00  ohms.  The  movements  of  the 
mirror  attache<l  to  the  magnets  are  indicated  l>y  a  sjx)t  of  light  upon 
the  scale. 

The  amount  of  current  sent  through  the  galvanometer  is  regulated 
hy  means  of  a  sliuiit,  which  is  a  resistance  l>ox  wherehy  j'^th,  ,,',„th,  or 
jg'j^th  of  the  total  current  can  he  sen.  through  the  galvanometer. 


Plii.  211.— 8cale  and  Ump  (or  the  reflecting  galTiuioineter. 

The  electric  current  from  the  muscle  or  nerve  is  led  off  by  means  of 
unpolarisable  electrodes,  but  before  an  experiment  is  performetl  the 
electrodes  are  tested,  for  in  most  cases  they  are  not  perfectly  iso- 
electric. Any  small  deflection  of  the  galvanometer  due  to  this  cau.se  is 
compensated  by  a  graduated  current  from  a  standanl  battery  sent 
through  the  galvanometer  in  the  opposite  direction. 

Perfectly  uninjured  muscle  and  nerve  are  iso-electric,  but  they  are 
generally  slightly  damaged  during  the  process  of  dissection  and 
preparation.  The  deflection  due  to  this  current  of  inimj  or  demarca- 
tion current  (wrongly  called  the  current  of  rest)  is  measured  and  is 
then  increased  by  a  more  pronounceil  itijury  caused  by  touching  one 
end  of  the  muscle  with  a  hot  wire.  The  muscle  is  now  stimulated  by 
a  tetanising  current  applied  to  its  iniinjured  end  ;  the  deflection  of  the 
galvanometer  is  in  the  reverse  direction,  due  to  the  current  of  action 
(formerly  called  the  negative  variation)  which  is  pro<luce<l  when  the 
muscle  contracts. 

The  current  of  injury  is,  as  Gotch  pointed  out,  to  l>e  considered  as  a 
local  current  of  action ;  around  the  injured  portion  the  tissue  is  in  a 
condition  of  excitation. 
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Similar  experiments  are  demonstrated  upon  nerve. 
Lippmann's  Capillary  Hectrometer.-^This  instrument  is  a  delicate 
electrical  manometer,  and  is  more  suitable  than  the  galvanometer  for 
the  investigation  of  the  electronjotive  properties  of  the  frog's  heart ; 
it  responds  to  very  rapid  changes  of  electrical  potential.  It  consists 
(Fig.  212)  of  a  glass  tube  C  drawn  out  at  one  end  to  a  fine  capillary 
tube;  this  is  filled  with  mercury  and  is  connected  with  a  pressure 
apparatus  by  the  rubber  tubing  liT.  The  capillarv  tulnj  dips  into  a 
small  trough  filled  with  10  per  cent,  sulphuric  acid  ;  the  Imttom  of  this 
vessel  IS  covered  with  mercury  M  in  order  to  provide  good  electrical 
conduction  with  the  platinum  wire. 

The  pa.ssjige  of  an  electrical  current  through  the 
capillary  tulie  alters  the  surface  tension,  and  this 
alteration  causes  a  movement  of  the  mercury  in 
the  capillary  tulu".  The  movement  of  the  column 
of  mercury  is  from  positive  to  negative,  and  the 
e.vterit  of  the  movement  is  roughly  proportional  to 
the  difference  in  electrical  potential.  Biised  upon 
tliest'  facts  are  the  determination  of  the  direction 
of.  and  the  measurement  of  the  electromotive  force 
of,  the  current  which  is  under  investigaticju. 

AN'ith    the   capillary  electrometer  the   t  Ifiiromotive 

proj}erHe.'<  of  the  froi/s  Iwnrt  are  demonstrated.     The 

Fm.  •.'i2.-Dia»min    ^'*"  ^"'^  ^^f'  "F^  «f  the   vejitriclc  are  led   off  by 

^^meten"'""'  ""'^-    in'IKilarisable   electrwles   to  the   electrometer :    each 

time  the  heart  contracts  there  will  be  a  iliaphasic 

variation,  the  contractetl  portion  at  first  liecomes  negative  and  then 

positive  to  the  uncontracte*!  part. 
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THE  CIRCULATIOX   OK  THE   BLOOD. 

CHArrEH  XX. 

THE  HEART. 

Bernstein's  Experiment. — A  ligature  is  drawn  round  the  vcntriiU'  of 
11  frog's  heart  half-way  between  the  Iwse  and  a|M'X,  and  tightctuMl 
suifieiently  to  destroy  thi  physiologieal  hut  not  the  physieal  contiiuiity 
of  the  tissue  at  this  ponit.  The  apex  ceases  to  beat  and  reiniiins  red 
and  full  of  blr,  d.  "The  bulbus  aorterosus  is  now  compressed  so  as  to 
obstruct  the  outflow  and  raise  the  intraventricular  pressure.  The  ajHJX 
begins  to  }>eat  rhythmically.  The  snail's  heart  ceases  to  lieat  when 
emptied  of  l)lood. 

Engelmann's  Experiment.— The  ventricle  is  snipped  on  op{)osite  sides 
so  as  to  pnxluco  several  int^rdigitating  cuts.  The  wave  of  contraction 
still  passes  down  the  zigavg  strip.  .\11  possililo  nervous  chaiuiels  of 
conduction  are  suppose*!  to  be  di-ided  by  these  means,  and  th<;  exjK«ii- 
ment  is  taken  as  proving  the  conduction  of  the  excitatory  state  from 
muscle  cell  to  nniscle  cell. 

The  Action  of  the  Values  and  the  Influence  of  the  Diastolic  and 
Systolic  Pressures  on  *^«  Output  and  the  Absolute  Force  of  the 

i:eart A  large  fro^    •!   uad  is  pithed,  and  the  heart  expose*!.     A 

ligature   is   passtnl  ui-'  n    ^-xh   aorta,   and   the    right   aorta    is   tied, 
liigatures  are  placed  i.;   i;r  each  vena  cava  superior,  and  !>oth  these 
vessels  are  tied.    The  ligatures  may  !)e  threaded  through  the  eye  of  a 
needle,  and  the  point  of  the  nee<lle  stuclc  into  a  wcKxlen  handle.     A 
ligature  is  also  passed  undei'  each  vena  cava  inferior.     A  V-slit  is  macie 
into  this  with  sharp  scissors  and  a  cannula  inserted.     The  caiuuila  is 
provide*!  with  a  rubber  tube  on  which  a  clip  is  placed.     This  tulns  in 
connected  by  a  T-piece  to  a  reservoir  and  a  vertical  tube.     The  latter 
is  provided  with  a  paper  mm.  scale  (Fig.  -JU).     The  reservoir,  tube, 
and  cannula,  are  filled  with  Kinger's  solution  before  the  cannula  is  intro- 
duced.    The  left  aorta  is  now  slit  and  a  fine  canmila  intro<luced.     This 
is  connected  by  a  tube  to  a  T-piece.     One  branch  of  the  T-picce  is 
closed  by  a  clip  and  the  other  is  joinet!  to  a  vertical  tube  1  metre  in 
height.    This  tube  isi  provide*!  with  a.  mm.  scale.    The  aortic  caiunda  and 
tube  are  filled  with  Ringer's  solution  liefore  the  caimula  is  intr«Hlu*;ed. 
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The  reservoir  is  placed  so  that  the  level  of  the  fluid  in  the  venous 
manometer  is  3  cm.  aJwve  tho  heart,  and  the  clip  is  then  opened. 
The  heart  contnicts  and  expels  tht  fluid  into  the  arterial  manometer. 
Xote  the  amount  of  each  systolic  output  as  indicated  by  the  rise  ci 
level  in  this.  As  the  pressure  rises  the  output  lessens.  Note  the  cora- 
petency  of  the  aiuiculo-ventricular  and 
aortic  \a,hea,  and  the  elastic  swing  of 
the  bulbus  arteriosus  (the  dicrotic 
wave)  which  follows  each  systolic  out- 
put. To  investigate  the  competency 
of  the  auriculo-ventricular  valves  the 
reservoir  must  be  temporarily  clippe(l 
ofl"  from  the  venous  manometer. 

The  work  of  the  ventricle  can  be 
obtained  by  multiplying  the  volume 
of  the  output  by  the  height  of  the 
lift.  The  alwolute  force  of  the  ven- 
tricle   is    given    by     the    height    of 


V- 


Flu.  ■.>lS.--Method  of  ahuRing  the  effect  of 
tenilon  on  the  apex-preparation.    (Oulwia.) 


5=^ 


Fill.  214. -Method  of  Invettigatinir 
the  ttcUon  of  the  valves,  the  ayitolic 
force,  output,  etc.,  of  the  toad* 
heart. 


the  fluid,  which  the  ventricle  is  just  unable  to  lift.  A  vigorous 
toad's  heart  will  lift  the  fluid  up  to  a  height  of  1  metre.  Let  out 
the  fluid  m  the  arterial  manometer  and  lower  the  fluid  in  the 
venous  marjometer  to  the  level  of  the  heart.  The  heart  will  not  fill 
m  diastole  if  the  pressure  in  the  latter  is  not  positive.  Raise  the 
pm^urc  in  it  t.)  10  and  20  cm.,  and  observe  the  eft-ect  of  the  increaaed 
diastolic  pressure  on  the  systolic  output  and  on  the  absolute  force  of 
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the  ventricle.  The  ahsohite  force  is  iiKTeased  hy  thus  niising  the 
iliastolic  pressure.  Too  high  a  filling  pressure  will  throw  the  heart 
into  diastolic  paralysis.  The  auricle  is  paralyse<l  much  s<H>Mer  than 
the  ventricle. 

Th«  Isometric  Contraction  of  the  Heart  (0.  Frank's  Method).  - 
Fine  eanniilae  are  placed  in  the  aorta  and  vena  cava  inferior  and  the 
tannulae  are  connected  with  the  elastic  manonietei-s  as  in  Fig.  'J  15.  The 
taps  control  the  filling  and  output  of  the  heart.  The  filling  tulK-  a 
1  c.c.  pipette— is  calibrated  in  jj^  c.c.  The  chandlers  of  the 
manometers  are  made  small  and  the  levers  light.  The  amount  of  Huiil 
which  must  enter  the  manometer  during  the  change  of  pressure  is 
thereby  made  as  small  as  possible,  and  the  errors  due  to  inertia  are 
avoided.  The  outlet  tap  is  opened  and  the  heart  is  allowe<l  to  empty 
itself.  This  tap  is  then  closetl,  and  curves  of  ventricular  and  auricular 
systole  taken. 

A  measuretl  quantity  of  Kingers  solution  is  then  admittwl  into  the 
heart  through  the  inlet  tap,  an<l  new  cur^•es  taken.  This  is  rep«'ate«l, 
and  with  each  increase  of  diastolic  expansion  systolic  curves  are  taken. 
The  manometers  are  calibrated  by  placing  them  in  coiuiection  with  a 
mercurial  manometer  and  a  pressure  Iwg  or  Inittle.  The  following  is 
an  example  of  how  the  maximal  tension  is  obtained  : 

Filling  in  c.c,         00  009       Oi'-J      0-36      0-4S       0-68 

Maximal  tension,    12  mm.  Hg.     48  66         70         67  64 


Fin.  21'>.— Itomctrlc  record  of  the  he«rL 


Flo.  21tf.— Effect  of  iucreuiuK  dia- 
Ktotic  premuree  on  thu  iaometric  curve 
of  the  fro(t'«  heart.    (O.  Frank.) 


The  tension  of  the  heart-muscle  obviously  incrcAses  up  to  a  maximum 
with  the  diastolic  filling.  Beyond  a  certain  point  it  decreases.  The 
maximal  tension  of  the  auricle  is  obtained  by  ligaturing  the  auricuio- 
ventricular  groove.     It  is  j^  to  ^  of  the  maximal  systolic  tension. 
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CHAPTP^K  XXI. 
THK  HEART— CoKTiNrgi.. 
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The  Contraction  Curve  and 
Latent  Time  of  the  Stanniused 
Heart.-  K\ pose  the  heart  of 
a  fro^.  Pa.s.s  a  li^'atiiro  under 
the  IdiUiiis  arteriosiw,  and 
(haw  the  eiid«  exactly  round 
the  white  creseentie  line  which 
marks  the  .sino-auricuir.r  jiuic 
tion.  Tie  the  lij;atiue.  The 
.sinus  contiiMies  to  heat,  while 
the  auricles  and  vet>tricle 
stand  still.  Pulling  the  heart 
uj)  l>y  the  ligature,  cut  widely 
round  the  sinus  and  exci.se  the 
heart.  Place  it  heneath  the 
heart  lever  (Fig.  '>[}). 

Two  needle  electrmles  art; 
inserted  into  the  auricles, 
one  on  either  side  of  the 
heart.  The  drum  is  set  at  a 
miMlerately  fa.st  rate,  and  the 
trigger  key  is  placed  in  the 
pnmaiy  circuit.  A  short  cir- 
cuiting key  is  phiced  in  the 
secondary  cii-cuit,  and  the 
coil  i.s  arranged  to  give  a 
hreak  shock  just  perceptible 
to  the  tongue.  Close  the 
short  circuiting  key,  and  set 
the  drum  so  that  the  striker 
is  just  beyond  the  trigger 
key.  Then  close  the  latter. 
Place  the  lever  at  a  tangent 
to  the  drum,  and  hring  the 
writing  point  lightly  in  eon- 
tjict.  Then  open  the  short 
circuiting  key  and  start  the 
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(Iriini.  Stop  the  (Iniin  iiunifdiately  after  rccKnling  the  coiitnution. 
Close  the  short  circuiting;  key,  then  dost-  the  trijip-r  key,  lastly 
o|)«'M  the  short  cireuitinji  key.  IJring  the  druni  romul  slowly  l>y 
han«l  until  the  striker  just  o|hmis  the  trig«,'er  key.  The  heart  will 
contract  and  the  lever  write  a  line  marking  the  moment  of  excitation. 
Take  another  curve  with  the  electrodes  placed  on  either  side  of  the  l)ase 
of  the  ventricle.  The  laU-iit  jk'Hc  1  will  he  less.  In  the  first  cast  the 
excitatory  wave  was  delayed  in  the  auriculo-ventiicular  grtHive.  With 
the  tiniing  fork  (KK)  jwr  sec.)  Uike  a  time  tracing  just  hencath  the 
heart  curves,  and  measure  the  latent  p'ricnl.     It  cfpials  ahout  01  sec. 


Fio.  21S.  -StanniiiKcd  hcnrt.     St»irca»e  cffoc't  piwluced  by  excitations  at  the  imintH 
tnarlcvil  on  the  lowest  line.    The  time  is  marked  in  seconds.     (1,.H.) 

The  j)eri<Kls  of   cojitraction    and    lelaxation    will  together    last   •_'  sec. 
The  contraction  is  much  slower  than  that  of  .striated  luuscle. 

Any  Stimulius,  if  effective,  causes  a  Maximal  Contraction.  I'lac.'  a 
.spring  key  and  an  electric  .signal  in  the  piimary  circuit.  Set  the  drum 
at  the  .slow  rate,  and  hring  the  heart  lever  and  signal  to  write  oi  'he 
drum.  Uecord  the  cH'ect  of  excitation  at  intervals  of  a  niii«utt  ur 
more,  with  varying  strengths  of  current.  The  heart  gives  'all  oi- 
nothing,'  i.i'.  if  excited  at  all  it  gives  its  full  c(»ntraction. 

The  Refractory  Period.  K'ecord  the  cHect  of  throwing  in  a  second 
excitation  (»()  during  the  sy.stole,  (h)  dtuing  dia.stole.  The  heart  is 
refntdoni  during  the  whole  period  of  .systole,  i.i\  it  makes  no  irsponse 
to  a  second  stimulus.  The  excitiihility  retiuns  with  dia.stole.  and 
hecomes  greater  as  diastole  proceeds. 

Staircase  Phenomenon.  A  Stannius  prejwration  is  placed  under  tin- 
lever  (Fig.  r)9),  and  excited  with  .single  inductiiin  sh(M-ks  once  in  every 
five  seconds.  The  .stationary  drum  is  moved  on  l>y  2  mm.  Iietween  the 
excitations.  The  heights  of  the  first  four  or  five  contractions  form  an 
asceivling  .series.  The  heart  responds  to  any  stimulus  which  is  etteetive 
by  a  maximal  contraction.  The  height  of  the  contraction  depends  on 
the  condition  of  the  heart  muscle.  i!ot  on  the  strength  of  the  stinuilus. 
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«>  loiiK  .w  the  latUT  i«  eHirtiv*..  For  the  first  few  Jn-ats  each  coiitractioi, 
makeH  the  heart  ni..,e  exeitahle.  The  minie  pheii<»inen<.n  in  ..hseiviHl  in 
the  miiwle  oi  ciirari8e<l  fro^s  with  intact  circulation,  and  al«)  in  the 


Ki.i.  21!.._8tenniuMd  heart.    Summation  of  .tlmnll.     A,  Ineffective,  and  B  effective 
stimuli.     The  time  ia  marlted  in  iwconds.     (U H.)  «"«"<»« 

^alvanometric  reconls  of  the  action  current  of  nerve.  Waller  attributes 
the  staircase  eflect  to  the  influence  of  CO.,  formed  hy  the  katalKjlism  of 
the  active  tissue. 

Sommation  of  Stiinuli.~-Pull  out  the  secondary  coil  lu.til  the  break 
shock  is  just  ineffective,  and  rhythn.iially  .stinuiJate  the  Ktannius  pre- 
paration with  this  inadequate  .stinuilus.  The  heart  will  re.sp<jnd  to  the 
repeated  excitation,  an.l  the  first  few  heats  will  show  the  faircase 
phenomenon. 


CHAPTER    XXII. 
THE   HKART -Co.NTiMKw.    THE  ACTION   OF   DRU(iS. 

The  Suspension  Method  of  Investigating  the  Action  of  Drugs  on  the 
Progs  Heart.— Pass  a  ligature  under  the  vena  cava  inferior,  where  it 
IS  jouied  by  the  hepatic  veins  and  enters  the  sinus.  Make  a  V-shaped 
incision,  and  tie  in  a  fine  glass  cannula.  The  cannula  must  l)e  provided 
with  a  rubber  tube  ending  in  a  syphon  tube.  The  tul)e  is  provided 
with  a  clip,  and  the  whole  is  filled  with  Kingers  solution,  which  is 
contained  in  a  flask.  Attach  a  hook  to  the  ventricle  apex,  and  record 
the  heart  by  the  suspension  metho<l.  A  slit  is  made  into  the  aorta 
Open  the  clip,  circulate  the  Kingers  fluid,  and  record  a  series  of  con- 
tractions. Now  replace  the  flask  of  Kingers  solution  with  one  contain- 
ing di.sti!led  water.  The  contractions  will  s.x,n  Ik^coiuc  less  frequent, 
less  forcible,  and  more  prolonged.  Finally  the  heart  will  cease  to  beat. 
It  may  be  restored  liy  Kingers  solution. 
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\\  hen  the  heart  ix  completely  restoml  replace  the  Fiin^erH  «)lutii.ii 

with  ncrnml  «aline  w.lutioii  fi")  per  cent,  in  diHtilleil  water.    The  hwirt 

will  after  w.nie  time  »K>come  weaker,  and  finally  Ht<ip  in  (lia«U)le.    Water 

•  listilled  in  gltt««  u  IeH«  noxious  than  water  (listilled  in  copper  or  lead. 

.Merely  hanjfing  a  strip  of  c.pper  foil   in  distillwl  water  over-niKhf 

increases  its  jx.isonou.^  prop«.rties.     It  is  calculated  that  there  is  not 

more  than  1   part  of  copp..r  in  70  million  of  the  water.      Tap-waU-r 

<onU»in8  traces  of  calcium  salts,  which  are  beneficial.     Normal  saline 

should  therefore  J.c  mafle  with  tap-waler.      An  is.)tonic  solution  (.f  KCI 

0-9  jier  cent,  arrests  the  heart.      A  i'  pt-r  cent,  solution  of  di,niulin 

causes  increased  tone  of  th<.  heart,  ^ig<.rous  systole,  an.l  incomplete 

diastole.    The  heart  finally  is  arrested  in  a  state  of  systolic  conti.u;tion. 

Caffeine  and  veratrine  also  act  tonically  on  the  heart. 

Supra-remil  v.rtnict,  or  adrenalin,  at  first  slows  and  then  iticrwwes  the 
tone  and  the  frequency  of  the  heart.  It  is  an  antidote  to  the  effect  of 
chloroform  on  the  heart.  Adrenalin  is  the  active  principle  of  the 
medulla  of  the  supra-renal  gland,  separated  hy  Takanine.  A  solution 
cont^iining  1  part  in  lO.OOO  constricts  vessels  of  the  conjunctiva. 

Weak  solutions  of  acid  bring  the  heart  into  diastolic  arrest.  Alkalies 
pnsluce  systolic  arrest. 


("HAPTEK   XXIIl. 

THK   CARDIAC    I'LKTH YSMOURAI'H.      THK    KFFKCT  OF    TEMPKRA 
TURK  ON   THK   HKAKT.      CAHDIO  I'NKU.MATIC   MOVK.MKNTS. 

Schafers  Plethysmograph.     Th.-  doubl,.  cannula  is  fitted  with  two 
rubber  tubes,  and  ,   ips  a.v   placed  on  the.s,..     The  cannula  and   the 
tubes  are  filled  with  Kinger.  Hull.     One  of  the  tuln-s  ends  in  a  syphon 
tube  which  dips  into  ,i  flask  containing  Iv'iiiijers  >.>lution.     The  heart 
is  now  exixmed.  and  a    A\t  maxle  in  the  lett   auricle  with  fine  scissors. 
The  scissors  are  j.assed  into  the  ventricular  cax  ity,  and  two  or  three 
snips  are  made  so  as  to  clear  a  way  in  the  muscular  incshwork  wirlii,,  the 
cavity.     Th.    ■anmila  is  then  inserted,  and  a  ligature  is  tied  round  the 
auneles,    including  the  cannula.     The   plethy,smograph   is  filled  with 
olive  oil.     Tho  tap  „n  the  overflow  tube  is  ,»pened  and  the  cannula  is 
inserted.     This  tap  is  then  closed,  and  the  tap  leafling  to  the  pist.m 
recorder  opene«l.     The  clips  on  the  cannula  tilings  are  openetl,  and  the 
iKjaker  raised  a  few  inches  ab<ive  the  level  of  the  heart  so  as  to  main- 
tan,  an  ettioient  flow  to  the  heart.     The  piston  records  the  contractions 
on  the  horizontal  drum  (slow  rate). 
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If  the  hfart  <1«h»«  imt  U-at  «|»«>ntaiit'i>iiKlv,  it  can  \h'  i-xcittMl  liy 
itttaching  a  wire  to  the  caiiiuilu  aii<l  another  to  thr  wire  whiih  jwiwen 
through  the  lM)ttoiii  of  the  plethyxniograph.  The 
Iteuker  can  lie  rephwe^l  l»y  other  iK-akerneontainin^ 
Ringer's  Holution.  to  whieh  a  ilrug  hiw  In-en  added. 
The  inrttrument  is  not  a  very  muisfaetory  one  to 
use,  M  the  piston  is  lialtle  to  Htiek.  A  simple 
fomi  of  ph-thysmograph  eaii  )hj  niaile  as  follows  : 

A  ehanilKT  is  cut  in  a  large  cork.  Into  the 
bottom  of  this  passes  the  double-way  cannula. 
The  ciinnula  is  pushed  out  U'yond  the  cork  and 
inserted  into  the  heart.  The  eaniuil.i  is  then 
withdrawn  into  the  chaniln'r.  Tht'  latt«i  is  filled 
with  Hingers  solution,  and  a  piece  of  |M'ntoneal 
menibrane  is  tied  over  it.  \  ilis<-  -if  card 
attached  to  a  lever  rests  on  the  mendirane. 

Effect  of  Heat  and  Gold  on  the  Oontraction  Otir^e.     .\  Stanniused 
heart  is  cut  out  and  the  sinus  pinned  to  a  cork.     The  cork  is  attached 


llywity  fan- 
null.  Till'  miiuU  AKurr 
rt'|Ti'»H.'iil«  It  irrtlmveriw 
Ki'i'lioii  o(  the  liiwcr  ciul 
"f  tile  C4imiilii. 


sz. 


-S2. 


1I=B- 


"V 


Fi<i.  JJ-i.— Schilfor'*  cttrdiac  iilethy«iiii>Kmpl(.    (PfiiilTey  aud  rhillipn.) 


to  a  Tpieee  U'lieath  the  lever.  The  heart  is  rcconletl  \>y  the 
suspen-sion  method.  The  heart  is  excited  by  electriHles  j)iiiii.d  into 
the  cork.  Inimei-se  the  heart  in  Kingers  s<iliition  at  ">  ('.  for  n\»»\l 
a  minute,  and  then  lower  the  beaker  and  recoiil  a  contraction. 
Repeat  the  experinu'iit  with  a  solution  heateil  to  !.")"  (".  and  J")'  I'. 
The  results  will  Ik-  similar  to  these  obtained  with  striate<l  niuscie. 
Finally,  reconi  the  heat  coiitia<  tioii  by  immersing  the  heart  in 
Ringer's  solution  heated  to  45°  ('. 

Cardio-pneiunatic  Movements.  -One  end  of  a  ^lass  iuIh-  is  fitted 
into  the  nostril  and  the  other  end  i*  isirmcctcd  with  :i  dcHc;»t«' 
reeonling  tambour.  The  other  nostril  and  momli  .iv>'  ^hut  and  the 
glotti.s  kept  ojjen.     The  pressure  falls  during  the  iM-riisl  of  ilic  systolic 
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output  of  tho  heart.  Thi«  m  owing  to  th«  oxpuUion  .>f  hlo«l  from 
the  thorax.  Thus  mvh  «yHtol..  aMpiratt-M  air  into  the  hiiigH.  The  name 
thing  may  Ik-  .l.nionHtnitwl  hy  putting  a  U  Hha|)e<l  tulw  in  the  nostril 
HIIwl  with  tolMJtro  Mmoke.  The  ...liimri  of  xnioku  movcH  in  and  out 
with  each  <(y«tole  anW  diastole  of  the  heart. 


("HAF'TEK   XXIV. 
THK  TORTOISK  HKAHT. 

The  TortoiM  Heart.  IMth  the  brain  of  the  land-tortoise  (Testud.. 
graeea),  mw  through  the  siden  of  the  carapace,  ainl  remove  the  lower 
half  of  it.  The  heart  will  now  Ikj  exposwl.  fiii  out  the  head  of  the 
animal,  an<l  l<M>k  for  the  vagus  nerve  which  runs  in  company  with  the 
carotid  artery  on  either  «ide  of  the  trachea.  Keconl  the'  heart  hv 
the  «u8p«,'n«ion  meth.xl,  ligature  the  vagus,  .livi<le  it,  and  excite 
the  peripheral  end.  The  heart  will  he  arrested  in  diastole,  and  mav 
remain  in  arrest  for  more  than  one  minute.  Excise  the  heart,  cutting 
widely  n.iuid  the  sinus,  and   lay    it  on   a   clean   glass   plate.     Note 


Flo.  3SS.~  Diagram  of  the  tortolM 
heart  an  nuipended  for  recording.  N  = 
coronary  tierre. 


Fill.  234.-Tortotae  heart  with  auricle*  silt 
M>  aa  to  produce  a  block. 


the  sinus  (Fig.  224),  the  two  auricles,  the  single  ventricle,  and 
the  'sinus  extension'  which  connects  the  ventricle  with  the  sinus 
The  main  groups  of  ganglion  cells  are  found  at  the  bifurcation  of  the 
large  vagus  nene  trunks  in  the  sinus  (corresponding  to  Remak's 
ganglion),  in  the  sinus  extension  (V.  Bezold's),  and  in  the  termination 
of  this  m  the  auriculo-ventricular  ring  (Bidder's).  The  auricles  and  the 
ventncle  are  ganglion-free,  except  in  the  neighbourhood  of  the  sinus 
extension  and  auriculo-ventricular  ring.  One  of  the  coronary  veins 
runs  on  the  surface  of  the  sinus  extension   from  ventricle  to  sinus 
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With  this  goeti  one  of  the  nerve  tninkK  whul'.  [mim  fr«>m  th«>  nitiiw  to 
the  auriculo-ventricular  j\mctiitii.  Dividf  thin 'loroiiarv  iiervi'.'  Th«> 
rhvthm  «»f  the  heart  cotitimieti  uimlterwl.  In  another  tortoine  heart, 
the  muacular  connection  lietween  ventricle  anil  the  rent  of  the  heart 
may  Ik»  (Uvi(le«l  whih)  the  coronary  nerve  is  left  intact.  The  ventricle 
ittandB  8till  under  thoiie  c«)nditionM. 

Slit  up  the  sinus  extension  on  the  left  side  ho  that  the  left  auricle 
i.s  entirely  »eparate<l  from  sinus  and  right  auricle,  liiit  remains  attacheil 
to  the  ventricle.  The  heart  will  now  Iteat  in  this  onlcr-  siniw,  right 
auricle,  ventricle,  left  auricle. 

Slit  crosswise  the  right  auricle  until  only  a  narrow  bri<lge  of  muscle 


-  ■.*!•>  »  »«w»iii.ii*— *g* 


Fio.  225.— 0»»kcll'«  heart  cUmp  and  levers  for  rucordlnj  t'.>  contnction  of  »uriclc 

and  Tentriclc. 

is  left.  The  ventricle  may  now  respond  to  only  every  second  con- 
traction of  the  sinus.  The  bridge  is  so  narrow  that  the  exciutory  wave 
is  partly  blocked  there. 

Any  strip  of  auricle  and  ventricle  muscle  cut  from  the  tortoise 
heart  may  be  taught  to  beat  rhythmically  by  weak  induction  shocks. 
The  rhythm,  if  once  establishetl,  will  continue  for  hours  without  artificial 

stimulation. 

These  experiments  prove  that  the  rhythm  of  the  tortoise  heart 
muscle  is  independent  of  the  ganglion  cells  in  the  heart,  and  that  the 

z 


me 


PRACTICAL  PHYSIOLOGY 


excitatory  wave  travels  by  muscle  and  not  by  nerve  from  chamber 
to  chamber. 

OMkell's  Olunp  and  the  Effect  of  Heat  on  Sinnt  and  Ventricle 

The  contraction  of  the  auricle  and  ventricle  are  registered  by  means  of 


Fid.  22rt- Record  of  the  contraction  of  auricle  and  miMele  (toad)  by  the  urn  of 
GaskeUi.  rl^mn  and  leven.  The  upper  tnuHnx  ia  the  auricle  and  hen  the  contraction 
is  repreaented  hy  the  down-stroke.    The  tlmela  marked  In  .econda.    (L.H.) 

twojjlevers  which  are  attached  by  means  of  threads  to  the  apex  of  the 
ventricle  and  auricle  respectively ;  the  one  lever  is  pulled  downwanls 
against  an  elastic  spring  and  the  other  upwards.  The  heart  is  held 
fast  by  means  of  a  screw  clamp  in  the  auriculo-ventricular  groove.'  The 
clamp  is  provided  with  a  fine  screw,  which  can  easily  be  adjusted  so  as 
to  hold  the  heart  fimdy  without  injuring  the  tissue  ((ia.skell).  In  this 
wayjthe  contractions  of  auricle  and  ventricle  are  registered  separately. 
Take  a  thick  copper  wire,  bent  into  a  hook  at  one  end,  and  place  the 
hook  round  the  sfiuis.     Warm  the  other  end  of  the  wire  in  a  flame. 

'  A  screw  clip,  to  tlie  bars  of  which  cork  we.Iges  are  fastened,  will  do  for  the 
clamp.     See  Fig.  207. 
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The  result  of  warming  the  sinus  is  a  great  increase  in  the  rapidity 
of  the  beats  both  of  the  auricle  and  ventricle. 


J  of 


Fio.  2S7.— Record  uf  the  contraction  of  the  toad'a  heart  by  the  suspenaior.  method. 
Heat  applied  by  the  copper  wire  method.  The  aifpial  in  the  fhlni  line  ahowa  the 
period  (liiriuK  which  the  alnua  waa  heated.  Acceleration  of  the  whole  heart  was  pro- 
duced. In  tbia  curve  the  down-atroke  repreaenta  the  contractiou.  The  time  la 
marked  in  aeconda.    (I..H.) 
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Fill.  2-.'».— Continuation  of  Vig.  247.    Ventricle  heated.    Aujniiontation  of  the 
ventricular  contraction,  but  no  change  in  fre<|Uoncy.    (I..  H.) 

Now  warm  the  ventriclo  in  like  manner.     No  alteration  of  rate  of 
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rhythm  is  produced  by  heating  the  ventricle,  but  the  systolic  period 
of  each  ventricular  contraction  is  shortened. 

The  observation  of  the  local  effect  of  Maniith  may  be  carried  out 
equally  well  on  a  heart  recordetl  by  the  onlinary  suspension  method. 


CHAPTKK  XXV. 
DISSECTION  OF  THK  CARDIAC  NERVES. 

DiBsaction  of  the  Caidiac  Nerves  in  the  Dead  Babbit. —After 
moistening  the  fur  over  the  neck  of  a  rabbit  cut  it  short.  Make  an 
incision  in  the  mid-line  from  larynx  to  sternum  and  pull  apart  the  skin 
flaps.     Separate  the  sterno-laryngeal  muscles  from  the  sterno-mastoid 


Fi.i.  8». -Dissection  of  the  v«ku»,  tlie  deprwwor,  and  cervical  Bympftthetic  uervoB 
in  tlje  rabbit.    (IHiboia.) 

along  one  side  of  the  trachea  and  expose  the  carotid  sheath.  Look  for 
three  nerves  running  alongside  of  (Ca)  the  carotid  artery:  (P.n.)  the 
vagus,  this  is  the  largest ;  (Dep)  the  depressor.  ;.■  'ii.e  nerve  which  may 
Iw  traced  up  to  where  it  arises  by  two  branches,  from  the  sujMJiior 
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laryngeal  iiene  uimI  from  the  vag\i» :  (Sy)  the  cervical  syniputhi^tic, 
a  slender  threml,  which  must  1m;  traee<l  up  to  the  snjwridr  cerviial 
sympathetic  ganglion. 

F'ollow  the  superior  laryngeal  nerve  from  the  vagus  to  where  it 
enters  the  larynx,  and  likewise  trace  (Li)  the  inferior  laryngeal  nerve. 

Next  divide  the  skin  over  the  upper  jurt  of  the  sternum  and  retleet 
the  left  skin  flap. 

ra.s.s  threads  round  the  sternal  ends  of  the  left  first  ami  second  rilis. 
Tie  these  and  divide  the  rihs  Itetween  the  threatls  aial  the  sternum. 
Pull  the  rihs  outwanls  Ity  means  of  the  threa<ls.  sepimite  the  inter 
costal  muscles  with  the  knife,  and  by  ctitting  thi-ough  the  spinal 
attachments  of  these  ribs  remove  them. 


CI,. 


asc    . 
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Kio.  230.-  Oiaaection  of  tlie  stellate  uuiiKlion  (<iK)  ;ind  eartii.n'  ucci-k raturi'.  Tlir 
inferior  cervical  (jannUou  (Cl.)aiifl  vai<o-8ympatlietic(v»>areiilH.i«lji>wn.  (I'll)  vi>!iis  ; 
(ill)  fan  tid  artery  :  (asc)  snbclaviau  artery.    (DuIkiIs.  ) 

The  stellate  or  fir.st  thoracic  ganglion  may  now  be  t'ouiid  Mnd  cleaned 
from  the  surrounding  adij)ose  tissue.  It  lies  just  in  front  nf  the  spinal 
attachment  fi  the  first  rib.  Branches  entei-  the  stellate  ganglion  from 
the  first,  second,  and  third  thoracic  roots.  Helow  the  sympatheti'' 
cord  is  attached  to  it.  and  above  a  nerve  jwsses  t<;  it  fioni  the  Sth 
cervical  root.  The  ganglion  sends  otl'  branches,  which  form  the 
amuilus  of  Vieussens,  and  {miss  to  the  inferior  cervical  jiaiiglion.  From 
the  annulus  and  from  the  inferior  cervical  ganglion  I'laiiehes  pass  to 
the  cardiac  plexus.  The  .stellate  ganglion  is  the  eell-slatioii  of  these 
accelerator  and  atigmeiitor  fibres. 

Th'  ,te!late  ganglion  is  also  the  cell-.station  of  the  tibies  which  jwss 
to  the  brachial  plexus  (vasomotor,  pilomotor,  sudoriferous)  ami  to  the 
vertebral  artery. 
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Th«!  cervif-al  HympBthetk-  fil.ios  pass  through  the  ganglion,  and  have 
their  cell-«Uiti<)iis  in  th.-  Mi]H-rinr  cMxical  syniiwthetic  ^'aiiglion. 

Kxcitatioi.  of  the  ( 1 )  trrvical  s,vn.}i«thetio  dilates  the  pupil,  retracts 
the  nietitatiiin  niemhi-ane,  causes  sepiuatioii  of  pupils  and  projects  the 
eye  with  the  axis  of  the  eyelwll  straight  forwaitls. 


Fi...  2^'-Art.riaI,.n|»«ro       Effect  ..f  txdtlng  the.telUte  Kungliun  (ac-elerator 
nerves).     Tlic  time  is  marked  bi  aeeonds.    (I,.ll.  < 


mucous 


It    constricts    the    Mo.kI-vcsscIs    of   the    skin,   glands,    and 
nieinlirane  of  the  head. 

It  dihites  the  ves.sels  in  the  I)Ucco-faciai   region  of  tlie  dog. 

It  excites  secretions  of  the  glands  of  the  head.   I.otli   saliraiv  and 
sweat  glands. 
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Ji  crcts  ihc  h:m<  ifi  fh.'  ..it  ..,,d  n,-,*Acy  over  'crtai*/  ,cgi,„i,  of 
the  face  and  .seal]). 

(•-»)  The  depies.s,,,-  n.'iv v  ,.  „m  affeivnt  nei\c  which  nuts  from  the 
heart  to  the  .spinal  l,i.ll..  ..,id  cans,.s  g,.neral  dilatation  of  the  I.Io.kI- 
ves.sels     .'.siHTialiy  in  tin-  >(»Iaii(hnic  region.     (Hee  Fig.  111.; 

It  thus  lowers  the  arterial  pre..s,„v.  The  depressor  is  hou.id  up 
with  the  vagus  in  the  duj/. 
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(3)  The  vagus  is  the  inhilutorv  iiorve  to  the  hwirt,  the  motor  iicrvf 
to  the  bronchial  nniscles. 

It    conveys    lM)th    inhibitory    ami    auj;tni'iitory    inipiiUos    to    the 
alimentary  canal. 

It  is  a  secretory  nerve  to  the  gastric  jjlaiKls  and  iMincreas. 

It   contains   afferent    fibres   from    the    heait    which    provoke   reflex 
niovements.  pressor  or  depressor  effects,  ami   letlex  canliac  inhibition. 

The  afferent  fibres  of  the  vajHtis  coming  from  the  bnigs  regulate  the 
rhythm  of  respinition. 

The  superior  laryngeal  branch  of  the  vagus  is  the  motor  n.ive  In 
the  cricothyroid  muscles  and  the  sensory  to  the  larynx. 

The  inferior  laryngeal  branch   is  the  mottir  nerve   to  the  intrinsic 
nuKseles  of  the  larvnx. 


CHAPTER  XXVI. 


THK   PULSK. 

The  Velocity  of  Transmission  of  the  Pulse  Wave.  Two  taml>our 
sphygmographs  are  taken,  and  one  is  applied  to  the  carotid,  and  the 
other  to  the  radial  or  femoral  artery.  The  recording  tambours  are 
brouifht  to  write  exactly  beneath  one  another  on  a  fast  drum,  and  a 
time  tracing  is  taken  with  the  tt;ning  fork.  The  distance  between  the 
carofid  artery  and  the  radial  or  femoral  is  measured.  The  rate  of 
tra»«w»issioii  is  about  S-S  metres  a  second.  The  rate  of  transmission 
increawe.^  as  the  coefficient  of  elasticity  of  the  arterial  wall.  It  is 
therefore  greater  with  high  than  with  low  arterial  pressure. 

The  velocity  of  transmission  from  carotid  to  radial  may  be  lessened 
liy  placing  the  arm  in  water  so  as  to  priKluce  vaso-dilatation.  Diiring 
the  first  six  beats  after  vagus  arrest  of  the  heart,  the  velocity  of 
transmission  was  t-.'>,  4"),  CU,  7ri,  I'J,  13;)  metres  per  second  re 
spectively.  The  length  of  the  pulse  wave  is  the  pr.Mluct  of  the 
velocity  of  tiansmission  by  the  time  (Mcupied  by  the  wave  in  jvissing 
any  "i\en  point.  Calculate  this  value  from  the  record.  It  is  alxnii 
;■)  metres,  so  the  prrlse  wave  I'eaches  the  periphery  before  it  has  left 
the  aorta. 

Impnlse  and  Pulse  Curves.  The  cardiac  impulsi  and  the  camt.d 
pulse  may  !«•  sinniltancously  rcc.rdeil  in  man.  and  by  this  means  the 
time  relations  of  the  canliac  cycle  may  be  tletcrmined.  The  caintid 
pulse  is  recorded  by  niean.-s  of  a  lecciving  tambour,  which  is  stiap|K'd 
ruuiul  the  neck,   and   is  provided   with   a   button    which   rests  on  the 
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urtery.      The   tambour  is   coiiTiected   by  means  of  a  i-tiibe  with   a 
recording  tambour. 


Fm.  •-•X-i.-Tam),our..phygiuogmiph8  arr»n»cd  for  niea»uriiiK  the  velocity  of  trans- 
miKston  of  pulgu-wave. 

The  writing  styles  of  the  carotid  and  impulse  Uimbours  are  arrangecl 
to  write  exactly  l^jneath  one  another.  A  time  tracing  is  t^iken  beneath 
the  curves.     The  beginning  of  the  impulse  curve  marks  the  begimiing 


II 


h 


Fid.  2:;4.— Imp.ilnu  (I.)  nnd  jmlse  curves  (II.)      The  TertiMl  lfn«<.    tn,..ui„     .i. 

of  the  ventricular  contraction.  The  l)eginning  of  the  carotid  pulse  curve 
marks  the  beginning  of  the  peri(Kl  of  systolic  output  and  the  openifig 
of  the  aortic  xalves.      Between  these  p<iints  is  the  i^-.-iad  of  rising 


ADVANCED   EXPERIMENTAL  PHYSIoUHJY 


3.-.3 


tension,  when  the  v«Mitriele  is  raising  tho  IiIckmI  prcsHurt'  up  to  that  in 
the  aorta.  The  beginning  of  the  dicrotic  notch  corrcsjxnul^  with  the 
<lo8ure  of  the  aortic  valves  and  the  end  of  output.  The  time  lost  in  the 
transmission  of  the  pulse-wave  from  the  heart  to  the  carotiil  artery 
should  Ih'  deducted  in  making  these  time  measurements,  hut  it  is  almost 
iiegligihle.  In  a  man  with  a  pulse  frequency  of  "0  the  duiation  of 
systole  was  O'.'HO  sec,  of  tliastole  0-4H:J  .sec.  It  is  interesting  to  rcjM-at 
the  oliservations  after  the  frequency  of  the  heart  has  In-en  acct>leiatc<l 
1)V  running  up  and  down  stairs.  The  diastolic  |M'rio<l  is  shortened 
much  more  than  the  systolic  jx'riiMl.  When  the  puUe  fre<|Ueiicy  varied 
in  the  proportion  100:270  the  dnnitioii  of  a  systole  varied  in  the  jiro- 
jmrtion  l:Jfi:100. 


CHAPTER   XXVII. 


BLOOD  PRKS.SURK. 

Blood  Pressure  in  Frog. — Pith  the  cereltnmi  of  a  large  frog  and  plug 
the  hole,  and  then  curarise  lightly.  Fill  the  fine  gla.ss  caninila  provided 
with  sodium  citrate,  1  per  cent,  sol.,  and  clip  thi-  rubher  tube.  Pass 
two  ligatures  tinder  one  of  the  aortae.  Tie  the  peripheral  one  as  far 
from  the  bidbus  arteriosus  as  possible.  Pull  up  the  other  ligature 
(placed  near  the  bulbiis)  so  as  to  constrict  the  vessel.  Ifetween  the 
two  ligatures  make  a  V-shape<I  slit  into  the  artery  with  shiirp  scis.sors. 
Insert  the  cannula  and  tie  the  ligature  round  it.  Do  not  allow  any 
loss  of  blood. 

Fill  the  proximal  limb  and  rubber  tube  of  the  mercurial  manometer 
with  1  per  cent.  sol.  stnlium  citrate.  Place  the  frog  board  so  that 
the  arterial  civnnula  is  on  a  level  with  the  mercury  meniscus,  and  con 
neot  the  tube  of  the  latter  with  the  tube  of  the  manometer.  IJomove 
the  clip.  The  mercury  rises  until  it  balances  the  l)lood  pressure,  ami 
oscillates  with  each  ventricular  systole. 

Bring  the  writing  point  of  tiie  manometer  against  a  slowly  moving 
drum. 

()b8o;'.o  the  effect  of  gently  compressing  <iic  al«lomen.      This  in 
creases  both  the  dijr,tolK  filling  of  the  heart  and  the  n-sistance  t<. 
systolic  ontHow.     Keflexly  inhibit  the  heait  by  iightly  atid  frequently 
striking  the  alKlomcn  with  the  liandie  of  a  scalpi  1.     'l he  bcait distends 
with  bhxxl  andarterial  pressiiro  falls  r.wing  to  lessened  systolic  output. 

Inhibition  may  also  be  brought  silxMit  '•'■  tetanising  the  sino-auriculfr 
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junction.  Gently  preas  on  the  inferior  vena  cava,  the  preMure  falls 
aa  the  diastolic  filling  is  diminished,  and  so  the  output  is  lessened. 
Expose  the  sciatic  nene  without  damaging  the  blood-vessels.  Tie,  cut, 
and  tetonise  the  central  end.  This  will  excite  the  vaso-motor  centre 
and  cause  reflex  constriction  and  rise  of  arterial  pressure. 


CHAPTER  XXVIII. 

VASOMOTOR  SYSTKM. 

Innenration  of  the  Blood-Tessels.— Pith  the  cerchrum  of  a  large 
frog  and  plug  the  hole  vith  a  blunt-pointed  match  to  prevent  haemor- 
rhage. Curaiise  the  n.-  lightly,  place  it  on  the  cork  lioanl  provided 
for  studying  the  cin  .!;;■ '  ,11  in  the  web.  Tie  out  the  toes  so  as  to 
spread  the  web  over  the  hole  in  the  board.  Observe  the  rate  of 
circulation.  Next  pa.ss  a  pin  through  the  occipito-vertebral  membrane 
and  destroy  the  spinal  bulb.  The  circulation  will  become  more  rapid 
owing  to  dilatation  of  the  arterien.  The  vasomotor  centre  in  the 
rabbit  ha.s  been  localised  in  the  spinal  bulb  on  either  side  of  the  middle 
line  extending  from  a  point  1  mm.  to  a  point  4  nmi.  below  the  corpora 
quadrigcmina. 

After  five  minutes  the  (low  through  the  capillaries  will  be  less  rapid. 
The  .<!|>inal  coihI  contains  subsidiary  vaso-motor  centres,  and  exerts 
a  tonic  action  on  the  arteries  after  destruction  of  the  chief  centre  in 
the  bulb. 

Expose  the  ccrviral  cord  and  tctanise  it  with  a  weak  current.  The 
flow  will  bo  lessened. 

Now  remove  the  frog  from  the  l>oard  anil  ex|K)se  the  heart.  Sus- 
pend the  frog  in  the  vertical  head-up  position.  Note  that  the  heart 
and  large  \eB8<ls  are  tilled  with  I.Io^kI.  Pass  a  blanket-pin  down  the 
vertebral  canal  and  d<'stroy  the  spinal  cord.  Tbe  heart  and  vessels 
will  .soon  beionic  MxHlless  owing  tu  iht  loss  <>(  vasomotor  tone.  The 
blood  sinks  into  the  dilated  abdominal  vessclf  under  the  influence  ut 
gravity.  Trie  va.s<.  coiisinvtoi  ner\t-.  arise  from  the  anterior  roots, 
they  have  their  tell  stations  111  the  -symjwthetic  ganglia,  and  from 
thence  pas.<  to  the  limbs  along  the  grey  rami  to  the  corresiwnding 
spinal  nerves.  These  facts  may  l-e  <lemonsttnt«l  on  the  curarisefl  wa 
by  plethysmogiaphing  the  f'.-re  limb,  exjiosiiig  and  exciting  the  ani.  r-  r 
loots  in  the  upper  thoracie  region,  and  then  injecting  10  mgrms.  • 
nicotin."  to  paralyse  the  cell-statioi!-  in  the  stellate  ganglion. 
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CHAPTEK   XXIX. 

VAMOMOTOR  SYSTEM-Contimjed.    PKRFU8I0N  OF 
BLOOD- VK8SKL8. 

VMo-motor  OhuiffM  foUowioc  Bxcitotion  of  the  Sciatic— Pith  the 
ccrebnjin  of  a  laige  frog  and  plug  the  opening.  Curarise  the  frog  very 
lightly,  but  gurticiently  to  paralyge  the  niU8cleH.  Curare  in  I.irge  doses 
paralyses  the  vasomotor  meihanisni.  Very  carefully  exjKMe  the  sciatir 
nerve  in  the  thigh  without  damaging  the  blood  ve-sseln ;  tie,  cut  and 
place  it  upon  electrodes.  Observe  the  capillaries  in  the  web  of  the 
foot  under  the  microscope,  and  note  the  rate  of  Hcjw.  Tetaniie  with  a 
current  strength  just  perceptible  to  the  tongue.  The  l>lo<Kl-riow  becomen 
slower  owing  to  constriction  of  the  ari.-i  ies.  The  vasonionstrictor  effect 
IS  slight  an*l  very  eanily  exhausted.  If  the  nerve  be  excited  with  .single 
shocks  once  every  five  seconds,  vasodilatation  and  increased  fl..w  may 
result.  Now  examine  the  circulation  in  the  web  of  the  <.tli.>r  foot. 
Note  the  rate  of  flow  and  then  tetanise  or  pinch  the  skin  of  the  frog. 
Keflex  constriction  and  cnnse.iucnt  slowing  of  the  current  may  result. 
The  afferent  fibres  excite  the  reflex  discharge  of  the  vaso  mot.'.r  centre 
in  the  spinal  l»ulb  and  cord.  These  results,  difficult  to  obUiin  in  the 
frog,  may  be  easily  dei.K.nstratcd  in  the  cat  by  the  plethvsmoirraphic 
method.  r       .         e    i 

Perfusion  of  Frogs  Blood-ve88el8.--I)e8trov  the  brain  and  plu^  the 

hole  m  the  skull.     Expos,,  the  heart.     Tie  one  aorta.     Place  a  ligature 

-ider  the  other,  snip  it  with  sharp  scis.sors,  and  allow  the  blood  to 

escape.      Insert  a  fiiie-gjass  cannula  into  it  pointing  away  from  the 

heart.     Fill  the  c;innula  with  normal  *»line  by  means  of  a  capillary 

pipette.     Connect  a  rubber  tube  to  a  glass  funnel  and  dip  the  tube. 

Fill  the  funnel  and  tube  with  Ringer's  fluid.     Connect  the  tube  with 

the  can-ila      No  air  bubbles  must   be  introduced.     Snip  the  sinus 

venosus  ai.,|  open  the  clip.     Hang  the  frog  in  the  vertical  position. 

The  fluid  circulates,  niua  ont  of  the  sinus,  and  drops  from  the  toes  of 

the  frog   into  a    measure  glass.      Measure  the   !>utflow   per   minute. 

Circulate  Ringer'.s  fluid  plus  1  in  1000  swlium  nitrate  ;  the  outflow  is 

increased  owing  to  vasodilHUtion.     Supra  renal  extract  pnKluces  the 

contrary  effect. 


NERVOUS   SYSTEM. 


(HAITI-IK  XXX. 

KEACTIOX  TIMK. 

Thk  tim»!  which  cliijwt'H  iR'tween  the  ap|)liLatit>ii  of  a.  given  HtimiiliiH 
and  the  prcarruiiged  response  of  the  «ul»ject  to  that  .stiiiiiilus  is  known 
as  the  naction  time.  It  is  oltviously  more  i(iniple.x  than  a  reHex 
action ;  this  will  1h^  readily  nndei-stiMxl  fi-oni  a  consideration  of  the 
tullowing  determination  of  the  reaction  time. 


(^3 


Fin.  '.>:Kt.— DUtgram  of  tlio  apparattu  for  the  detvrniliiatioii  of  reactlDii  time. 

The  d'agram  'IM  shows  W.  (J.  Smith's  reaction  time  apimratus  a.s 
modified  liy  Colls.  The  electro-magnetic  tnning-fork,  T,  with  loo 
vibrations  per  second,  is  connected  with  two  Daniell  celN  and  with  the 
chronograph  C.  Hy  means  of  either  of  the  two  Dii  oi.s  keys,  K, 
and  K., ,  the  chronograph  can  l»e  short  circuited.  The  key  K,  i--*  close<l 
and  K.,  is  open  ;  the  tuning-fork  is  set  vihrating,  l»nt  does  not 
affect  the  chronograph.  The  suhject,  whose  reaction  time  is  to  Ir- 
determined,  is  told  to  listen  for  the  sound  of  tiic  opning  of 
the  key  K,  and  to  close  the  key  K.,  directly  he  hear-s  the  sound. 
When  the  key  K,  is  opene<l  the  chronogmph  vihrates  in  unison 
with    the    tuning-fork     and    the    vilirations    are    recorded    uiM>n   a 
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revolving  dnim ;  the  cl()8iire  of  the  key  K.,  l»y  the  subject 
of  the  experiment  Wrings  the  chronograph  to  rest.  The  number  of 
vibrations  recorded  tipon  the  drum  gives  the  reaction  time  for  sound 
in  Trtflths  of  a  second. 

The  totid  reaction  time  in  this  experiment  is  composed  of — (1)  the 
time  taken  by  the  sound  to  reach  the  ear  :  (2)  the  time  tjiken  for  the 
reception  of  the  stinuilus  by  the  sensory  endings  of  the  auditory  nerve 
and  the  transmission  of  the  nervous  impulse  to  the  sensory  area ;  (.'}) 
the  time  for  the  transmission  to  the  higher  centres  s()  that  volitional 
impulses  may  be  started  in  the  cerebnd  motor  centres  ;  (4)  the  time  for 
the  projKigation  of  those  motor  impulses  to  the  nerve  cells  of  the  spinal 
cord  ;  (5)  the  time  re<|uired  for  the  generation  of  impulses  in  these  cells 
and  their  pa.ssage  down  the  motor  nerves  to  the  muscles  of  the  hand  ; 
and  (6)  the  latency  of  the  contraction  of  those  muscles. 

The  reaction  time  for  sound  is  alnnit  0-l.")(>  second,  for  light  0"iy5 
second,  and  for  touch  al«iut  0-14.')  second. 


CHAPTER  XXXI. 
MULLER'S  LAW  OF  THE  SPECIFIC  ENERCV  OF  NERVES. 

The  Law  of  the  Specific  Energy  of  Nerves  propounded  by  Johannes 
Miiller  stJites  that  each  sensory  nerve  gives  rise  to  its  own  particular 
sensation,  whatever  may  be  the  means  whcrel»y  it  is  excited.  Thus  the 
retina  only  gives  a  -sensation  <)f  sight,  whether  it  be  stinuilated  by 
light,  a  blow  or  an  electrical  shock. 

This  law  can  Ik'  demonstrated  by  the  following  experiments. 

Sight. — (i)  Two  clinical  electnxles  moistened  with  strong  saline 
solution  are  connected  by  means  of  a  key  with  a  Daniel!  cell ;  one 
electrcKle  is  placed  upon  the  forehead,  the  other  ujion  the  nape  of  the 
neck.  (h\  make  or  break  of  the  constant  current  the  subject  will  have 
,1  sensation  of  a  flash  of  light. 

(ii)  The  retina  can  be  stimulated  mechanically  by  pressure  .!  !  le 
sclerotic.     A  sensation  <.f  light  will  be  experienced  (piige  IOC). 

Taste.  -The  end-organs  of  taste  can  be  stinuUate<l  not  only  l>y  sapid 
substiinces,  but  also  by  mechanical  and  electrical  means,  (i)  (Jentle 
tapping  i>f  the  front  of  the  tongue  gives  a  sensiition  of  a  sweet  tast". 

(ii)  When  the  free  ends  of  two  wires  coiniected  with  a  Daniell  cell 
are  placed  upon  the  tongue  and  the  current  is  opened  or  closed,  a 
sensiition  of  taste  is  experienced.  This  experiment  can  be  performed 
with   suitalde    unjK)larisable   electrodes,    xo   that   the   objection,   that 
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electroly8i«  ia  pmiucetl  and  the  resultant  ions  are  Usted,  nmy  he  .011- 

sideml  negative<l.      Moreover,  weak  fariwlising  shocks,  which  wouhJ 

cause  l.ut  little  electrolytic  action,  also  give  rise  '...  sensations  of  taste. 

The  anode  appears  t<.  pnHluce  an  acid  tiiste,  the  cathode  an  alkaline 

taste. 

SmeU.— The  olfactory  nerve-endings  give  rise  t<.  a  sensation  ot 
smell  when  they  are  stinmlate<l  ^^  ith  an  electric  current.  The  ex|H'n 
nient  can  he  performed  in  th.>  f(.llowing  way.  The  electric  current  is 
.sent  through  the  nose  hy  one  electnxle  connected  with  the  nose  hy 
filling  the  nasal  cavity  with  normal  .saline  solution  ;  the  other  electnMlc 
is  placed  on  the  forehead.  The  ixlour  is  said  to  reseinhle  that  of 
phosphorus. 

Cutaneous  SenBations.— SensiUions  of  touch,  cold,  warmth,  and 
iwin  can  he  evoked  hy  gentle  application  of  the  jxnnt  of  a  metal  nnl  to 
the  skin  of  the  hand.  The  areas  or  spots  which  on  stinuilation  give 
rise  to  the  different  sensations  should  he  mappe.l  out  with  uik. 
Mechanical  stimulation  with  a  metal  vm\  warmecl  to  the  s;iiue  temiK-ia- 
ture  as  that  of  the  skin  of  the  haiul  will  give  rise  to  sensjitions  of 
touch,  temperature,  or  pain  according  to  the  area  stimulatetl.  Miiller  « 
law  is  thus  demonstrated  in  the  ca.se  of  these  sensjitioiis. 

There  is  some  douht   whether  there  are  specific  nerves  for  jwinful 
sensations  ;  it  may  l>e  that  excessive  stimulation  of  any  sensory  nerve 

causes  pjiiii. 

The  sensibUity  of  different  parts  of  the  skin  to  tactile  sensations 
may  he  investigated  hy  gently  touching  the  surface  with  the  hlunt.'d 
points  of  a  pair  of  compasses.  The  distance  hetween  the  pniits  is 
gradually  increa.sed,  and  the  hlindfolded  suhject  is  told  to  say  whether 
The  sensjitions  appear  to  he  tho.se  arising  fnmi  one  or  two  iH)irits  of 
contact.  The  distances  l>etweeii  the  points  of  the  conii)a.s.ses  are 
measured  upon  the  millimetre  .scale  of  an  induction  coil. 

The  tips  of  the  ftngers  will  he  found  to  he  much  more  sensitive  than 
the  hack  of  the  hand,  and  the  latter  more  sen.sitive  than  the  forearm. 


CHArTKU    XXXII. 

THE  KATE  OF  UISCHAWJE  OK  NERVOUS  IMPULSES  FROM  THE 
CENTRAL  NERVOUS  SiaTEM. 

Thk  r.ite  at  which  nervous  impulses  can  he  discharged  hy  the  central 
nervous  system  can  he  investigated  in  th.!  frog  hy  exciting  the  nerv.' 
cells  hy  means  of  a  drug  such  as  strychnine  and  recording  the  n'sulting 
incomplete  tetanus  ;  uv  in  man  hy  th.-  record  of  the  contraction  of  a 
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muscle   thrown   into  contraction   voluntorily,  or    iiivoluntaiily 

shivering. 

(a)  The  Incomplete  Tetanus  produced  by  Strychnine.     I  ii.- 
hemispheres  of  a  frog  aie  destroywl  by  toni- 
pression  with  a  pair  of  siuall  pliei-s  or  Spencer 
Wells  forceps,  and  then  the  gastrocnemius 
muscle  is  prepared  with  the  circulation  intact. 
A  piece  of  string  is  placed  under  the  gas 
tnxsneraius  muscle  and  is  then  tightly  tietl 
round  the  upper  portion  of  ihe  tibiofibnla 
iind  the  remaining  muscles  ;  the  leg  is  now 
cut  away  Iwlow  the  ligature.    In  this  maimer 
haemorrhage  is  prevbaU'd,  the  circulation  in 
the  muscle  is  intact,  and  the  muscle  is  free  to 
move  with  each  contraction.     A  strong  pin  is 
placed  through  the  lower  extrenuty  of  the 
famur  and  is  pushed  fimdy  into  the  cork  of 
the  myograph  ;  a  piece  of  nioint  Hainiel  is 
pinned  down  over  the  body  of  the  frog  in 
order   to    prevent    the    contraction    of    the 
muscles  of  the  trunk  and  limbs  from  disturb- 
ing  the  lever  connected   with   the   gastro- 
cnemius muscle. 

Strychnine  in  sparingly  soluble  in  water, 

1    in    6700,    but   a   dose   of    10-1 5    minims 

(0-592  -  0-888  c.c.)  of  a  saturated  solution  of 

the  drug  in  normal  Up-water  saline  solution 

will  in  a  frog  produce  the  characteristic  con- 
vulsions and  death.     Such  a  dose  is  injecte<l 

under  the  skin  of  the  frog's  back.     Twitches 

and  convulsions  soon  begin  and  the  contrac- 
tions of  the  gastrocnemius  muscle  are  recorded 

simultaneously   with    the   movements   of    a 

signal    marking   seconds   (Fig.    238).      The 

number  of  contractions  is  about  8  or  10  pei- 

second.    This  is  a  measure  of  the  rate  of  dis- 
charge  of   the  nervt»us   impulses   from   tht^ 

nervfc  cells  of  the  spinal  cord.     The  stage  of 

incomplete  tetanus  is  followed  by  prolonged 

twitches   or   doims.     If  the  spinal  cord  Im; 

destroyed  by  a  probe  during  the  stage  of 

tetanus  the  contractions  will  cmse  at  once, 

-J  A 
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fihowitig  that  the  convulsions  were  due  to  the  action  of  the  drug  upon 
the  nerve-cells  anil  dendrites  in  the  spinal  entl. 

Record  of  a  Volnntary  Contraction.— If  a  finger  be  placed  upon  a 
nuiscle  voluntarily  thrown  into  cotitraction,  a  series  of  vibrations  can  be 
felt.  These  can  be  recorded  and  their  rate  determined  in  the  following 
«ay. 

A  receiving  tambour,  with  a  button  or  a  piece  of  cork  fixed  upon  the 
rubber  membrane,  is  connected   with  a  IwUows  recoitler  (Fig.   239), 


Fin.  230.— Brudie's  ))eUow«  recorder.    Th<i  IksIIows  itre  made  of  aluminium  pLites  and  ' 
peritoneal  membrane. 

which  is  arranged  to  write  upon  a  revolving  drum.  A  chronograph 
is  set  up  for  marking  the  time  in  seconds.  The  button  of  the  tambour 
i.s  placed  upo.  the  adductor  fioUicis,  or  the  masseter  muscle  of  the 
subject.  When  the  muscle  is  voluntarily  contracted  the  lever  shows 
a  number  of  vibrations ;  these  are  recorded  (Fig.  2.'JS).  The  curve 
obtained  resembles  an  incomplete  tetanus  with  6  or  f<  vibrations  per 
second. 

CHAPTER  XXXIIl. 


THE  FUNCTIONS  OF  THE  ANTERIOR  AND  "OSTERIOK  ROOTS  OF 
THE  SPINAL  CORD.     THE  BELL-MA.IENDIE  LAW. 

Thk  researches  of  Bell  and  of  Majeiidie  showed  that  the  anterior 
roots  of  the  spinal  cord  were  motor,  and  the  posterior  were  sensory  ;  the 
former  nerves  are  efferent,  carrying  nervous  impulses  from  the  spinal 
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cord  to  the  periphery,  the  latter  are  afferent,  carrying  iinpnlscR  from 
the  periphery  to  the  spinal  cord.  This  law  can  l>e  proved  hy  cx|H'ri 
nients  ujwn  a  brainless  frog,  hut  careful  lissection  and  manipulation 
are  necessary. 

The  following  are  the  several  stages  in  the  experiment.     A  small 
pair  of  electrodes  is  ma«le  by  passing  the  Iwred  ends  of  two  pieces  of 
fine  insulated  wire  through  a  piece  of  cork,  and  the  in<hiction-i-oil  is 
arranged  for  single  shocks.     The  cerebrum  of  a  large  frog  is  destroyed 
by  compression  with  a  pair  of  Spencer  Wells  forceps,  and  then  the  frog 
is  placed  belly-ilownwards  upon  a  cork  bfiard,  and  is  confined  to  this 
position  V»y  a  piece  of  wet  flannel  fastened  down  tightly  by  pinn.     A 
slit  is  made  through  the  flannel  in  the  line  of  the  vertebral  column,  and 
the  skin  is  reflected  as  far  as  the  end  of  the  urostylc.     The  ilium  is 
carefully  removed  on  one  side,  care  ))eing  taken  to  avoid  cutting  any 
large  blood-vessels,  for  loss  of  blood  wovdd  lower  the  exciubility  of  the 
spinal  cord   and   obscure   the   dissection.      For  a  similar  reason  the 
medulla   oblongata,  which   contains   the  vasomotor    centre,  was  left 
intact.     After  the  removal  •)f  the  ilium  the  nerves  of  the  sacral  plexus 
can  Iw  easily  found  and  followed  up  to  the  spinal  cord.     Starting  from 
the  top  of  the  urostyle  the  laminae  of  the  vertebrae   are   carefully 
removed  by  scissors,  the  points  of  which  should  not  be  plunged  deeply 
inwards,  otherwise  the  spinal  cord  will  be  injured,     .\fter  the  removal 
of  several  laminae  one  of   the  large  nerves  of  the   sacral  plexus  is 
followed  up  to  its  intervertebral  foramen,  where  a  black  swelling  alniut 
the  size  of  the  head  of  a  pin  will  })e  seen.     This  is  the  posterior  root- 
ganglion.     It  is  freed  from  the  foramen  by  careful  dissection,  and  the 
roots  are  traced  therefrom  to  the  spinal  cord.     Fine  threads  arc  plac.-d 
under  the  roots,  which  are  then  divided  in  the  middle  of  their  length 
by  clean  sharp  scissors. 

Stimulation  of  the  peripheral  end  of  the  motor  root  will  cause  a  con- 
traction of  the  muscles  of  the  corresponding  leg ;  stinndation  of  the 
central  end  with  a  weak  induction  shock  will  cause  no  movement.  On 
the  other  hand  stimulation  of  the  peripher.d  end  of  the  jx.  .rior  root 
produces  no  movement,  but  a  similar  stimulus  applied  to  the  central 
end  sets  up  a  sensory  impulse  which  produces  reflex  movements. 

The  roots  of  the  spinal  nerves  are  longest  in  the  lower  segments  of 
the  spinal  cord ;  for  this  reason  the  experiment  is  most  readily  per- 
formed iu  this  region.  During  development  the  vertebral  colunui  grows 
more  quickly  than  the  spinal  cord,  and  thus  the  lower  posterioi-  root 
ganglia  in  the  intervertebral  foramina  are  seiwrated  from  the  spuial 
cord  by  a  longer  length  of  nerve-roots  than  in  the  case  of  those 
supplying  the  upper  limb. 
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THE    EYK    AS    AN    OITICAL    IKS': 
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Prelimiiuixy  Consideration   of  the   Mech&       >  «Jie    Eye. — In 

order  to  understand  the  refraction  of  the  rays  proc  un^,  from  external 
objects  and  forming  images  on  the  retina,  it  is  necrssarj-,  in  the  first 
place,  to  briefly  consider  the  nature  of  such  an  optical  system  as 
constitutes  the  refractive  apparatus  of  the  eye. 

The  simplest  form  of  an  optical  system  consists  of  two  media  of 
different  refractive  powers  separu-ed  by  a  spherical  surface  (Fig.  240). 

If  dpe  be  such  a  surface,  separating  a  less  refractive  medium  6'  from  a 
more  strongly  refractive  medium  Ji,  n  is  the  centre  of  curvature,  and  is 
called  the  "  nodal  point."  If  p  be  the  vertex  of  the  curved  surface,  a 
line  through  p  and  n  will  form  the  optic  axis  OJ.  Rays  parallel 
to  OJ  proceeding  from  jS  will  be  conveyed  to  a  point  F.,  on  the  optic 
axis.  This  point  is  called  the  posterior  principal  focus.  Rays  parallel 
to  0.4  proceeding  from  li  will  be  conveyed  to  a  point  /,,  the  principal 
anterior  focus,  p  is  spoken  of  as  the  principal  point.  These  two 
foci,  the  principal  point  and  the  nodal  point,  constitute  the  cardinal 
points  of  such  a  system. 

In  the  actual  eye  the  arrangement  is  not  so  simple,  as  there  are 
several  refractive  media,  and  three  separate  surfaces — the  anterior 
surface  of  the  cornea,  the  anterior  surface  of  the  lens,  and  the 
posterior  surface  of  the  lens.  The  arrangement  of  these  is,  however, 
symmetrical,  and  permits  of  the  reduction  to  two  ideal  surfaces  for  the 
three  actually  existing.  This  brings  the  number  of  cardinal  y  Mnts  to 
six,  as  each  of  these  surfaces  will  possess  its  own  nodal  point  and 
principal  point,  though  the  anterior  and  posterior  foci  will  be  identical. 

But  for  practical  purposes  a  further  simplification  is  possible.  The 
two  nodal  points  are  not  far  separated,  ami  the  two  principal  points  are 
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similarly  very  near,  being  distant  only  al)ont  i  mm.  from  mc\i  other. 
We  therefore  take  a  "mean"  notlal  point  and  a  "mean"  principal 
point  and  again  reduce  the  optical  conditions  to  those  of  a  simple 


optical  system,  consisting  of  one  (ideal)  refractive  surface.  In  such 
a  "reduced  eye"  the  cardinal  points  are  as  follows :— 

Principal  point.— 2-344S  mm.  behind  the  anterior  surface  of  the 
cornea,  in  the  aqueous  humour. 

Nodal  point.— -4764   mm.  in   front  of  the   posterior  surface   of 

the  lens. 
Posterior  principal  focus.— 22647  mm.  behind  anterior  surface  ot 

Anterior  principal  focus.— 12-8326  mm.  in  front  of  the  anterior 

surface  of  cornea. 
Radius  of  curvature  of  ideal  surface,  51248  mm 

With  these  data  we  are  now  able  to  understand  the  formation  of  the 
image  on  the  retina,  and  are  able  to  calculate  the  size  of  the  retinal 
image  of  an  object. 


am 


PRAtTKAL  PUYSIOUKJY 


i 

in 


A  ray  passing  through  the  nodal  point  K  {Fig.  2(0)  will  not  undergo 
refraction,  and  tlierefore  will  indicate  the  position  of  thu  image  of  any 
external  point  ui>on  the  retina.  It  follows  also  that  the  «i:<  of  the  artual 
innifff  may  be  caleulatei!  if  we  know  /IB  (the  size  of  the  external 
inia<;e),  dK  its  distance  from  the  nodal  point.     Fur 

ab     AB 
Kr°HK' 

But  (/A'=  distance  of  object  from  cornea  +  distance  of  nodul  jioint 
behind  corneu,  which  latter  is  e((uul  to  7 '44  mm. 

Kr  is  eijual  to  l."»l"  mm. 

,  size  of  external  object  x  I5'17 

dititance  of  object  from  cornea  +  7  44 

If  the  iinsge  lie  near  mo  as  to  provoke  a  consiileraMe  effort  of  acooinmo<latioii, 
this  c<|uation  will  not  represent  the  size  "f  the  forinetl  in<age.  In  this  case  tlie 
anterior  surface  of  the  lens  will  Iw  more  ourveil  than  in  viewing  more  distant 
ohjiM'ts,  ami  conRe<|uently  the  constants  for  the  "simple  reituceil  eye"  will  not 
hold  gtKxl.  The  "reduced  eye"  of  Listing  corresponds,  strictly  speaking,  to  the 
lens  acoonimiMlated  for  distant  objects. 

The  Ophthalmometer, — This  is  an  instrument  by  means  of  which  the 
radius  of  curvature  of  the  different  surfaces  of  the  eye  may  be 
measured.  The  degree  of  curvature  of  a  reflecting  surface  will  affect  the 
size  of  the  image  formed  from  some  external  object.  If  some  device 
be  applied  for  the  measurement  of  the  image  and  the  distance  of  the 
external  object  from  the  reflecting  surface  be  known,  then  the  cut  vature 
of  the  reflecting  surface  can  be  calculated. 

In  Helmholtz's  original  form  of  ..he  opthalmometer  the  measurement 
of  the  image  was  achieved  by  causing  the  lays  reflected  from  the  cornea 
to  undergo  deviation  from  their  direct  course  by  passing  through  glass 
plates  of  a  definite  thickness.  By  introducing  two  glass  plates,  revolving 
in  a  common  vertical  axis,  two  images  could  be  obtained,  and  the 
degree  of  overlapping  of  these  images  could  be  adjusted  by  altering 
the  angle  which  the  two  plates  made  with  one  another.  The  distance 
between  corresponding  points  in  the  two  images  could  be  expressed  in 
terms  of  the  angle  representing  the  degree  of  tilt  of  the  plates  and  the 
refractive  index  of  the  glass.  The  greater  the  obliquity  of  the  plates 
the  more  considerable  would  be  the  displacement  of  the  images. 

Having  obtained  a  value  for  the  size  of  the  reflected  image  the 
curvature  of  the  cornea  could  be  calculated  from  the  enuation, 

the  size  of  a  luminous  body  ^/v)_  distance  of  body  from  cornea  {il\ 
size  of  its  reflected  image  (1)  h  radius  of  cornea  (.',() 

L>(/x7 
L    ■ 


or 


j  = 


ADVANfEl)  KXPEKIMKNTAL  FHYSIuUhJY 


.■WJT 


A  HMxlification  of  Htlinholu's  ophthalmometer  wan  intnKluce.1  by 
.laval  *  Schi.itz,  in  which  the  double  gtau  plate  was  ivplaw.!  by  a  calc 
spar  crysul  and  a  iimihr  double  image  obtained.  ThiH  wa«  ntill 
further  improved  by  Kagenaar.  who  «ub»tituted  eoraiwund  priKiiw  f.)r 
the  cryttal,  and  the  instrument  so  cheaiiened  and  improved  io  giMurally 
spoken  of  as  an  a.4i,jm,m»tfi.  This  instrument,  which  i«  esHentially  an 
ophthalmometer,  i«  n-presented  in  Fig.  J+l. 


KlK.  '211.     Till' ii|ihthi»lmi>nit'tcr. 

It  consists  of  a  telescoiM-,  which  is  din'elcl  towanls  tlic  siibje.fs  .■>(•, 
the  head  of  the  subject  rests  in  the  frame,  opposite  the  U'U-scop.-.     Th.- 
eyepiece  of  the  telescope  is  first  adjusted  by   focusing  a  tl.rea.l  which 
lies  in  the  plane  of  the  image  formed  by  retlectiou  from  the  cornea. 
This  adjustment  is  carried  out  by  turning  the  telescoiHJ   towards  a 
milk  glass  plate  on  the  loft  of  the  subject,  and  moving  the  eyepiece  till 
the   thread    is   defined.     The  telescope   is  then  directed  towards   the 
subject's  eye,  and  moved  with  its  stand  backwanls  or  forwards  towanls 
the  observed  eye  till  either  of  the  reflected  images  of  the  illuminate-l 
areas  on  the  quadrant  is  clearly  defined.     In  the  <|uad.ant  is  a  fixed 
area  opposite  a  white  line  corresponding  to  the  number  20  on  the  scale 
Let  the  quadrant  be  first  placed  in  a  horizontal  plane,  with  the  fixed 
illuminated  area  to  the  left.     According  to  the  varying  position  of  the 
right  illuminated  area  two  pairs  of  images  will  now  be  seen  reflected 
from  the  cornea,  and  attention  should  l>e  directed  to  the  two  mi.ldle  ot 
these  images,  which  may  or  may  not  overiap(Fig.  242).    The  right 
moveable  area  should  now  be  adjusted  on  the  quadrant  so  that  the  edge 
of  one  imago  just  touches  the  e.lge  of  the  other,  the  'stepi-ed'  image 
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being  to  tilt  li't't  iiiiii  the  ructanglar  area  to  the  right.  A  wliitc  line  on 
the  hack  ot  the  right  illuminated  area  will  now  |ioint  to  some  niinitx-r 
on  the  i«caie  ;  when  the  images  are  adjusteii  ui  alxtve,  thin  number  +  the 
20  (rorreMpomiing  to  the  ^tusition  of  the  left  illuminated  area,  will  expreM 
numerically  the  degree  of  curvature  of  the  cornea.  According  to  the 
conRtantH  of  the  instrument  if  the  number  .'137  be  ilivided  by  t,he  number 
expresHing  the  cinvuture  of  the  cornea  na  above,  the  quotient  representH 
the  radiuH  of  curxuture  of  the  cornci  in  the  liorizontal  nurridian 
examined.  Tlii!  ine  of  the  iiiRtniment  for  mcaRuring  udtigmatiMni  may 
here  lie  dit.iiled, 

Kxi-Ki:iMi:\T.  Method  of  MeMuring  Asticmatiun.  By  ihe  use  of 
the  opiitlialmonieter  represented  in  Fig.  '.'41  the  difl'erence  of  curvature 
of  difTerint  portions  of  the  cornea  can  be  easily  ascertained. 
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The  apparatus  is  adjusted  as  desciibed  above,  and  the  horizontal 
meridian  is  tir.st  observed.  If  the  curvature  in  this  meridian  ie  regular 
the  four  figures  will  hi'  seen  to  stand  on  -i  level  base.  If  this  is  not  the 
case,  the  rotating  <|uadrant  must  be  move<l  till  continuity  of  base  line  is 
obtained.  The  moveable  illuminated  area  is  then  adjusted  till  the  four 
reflected  images  are  as  in  the  figure. 

The  quadrant  is  then  rotated,  and  as  it  approaches  the  vertical  the 
two  central  images  will  probably  overlap.  Note  the  meridian  where  the 
greatest  amount  of  overlap  is  observed.  This  will  be  the  most  refract- 
ing meridian.  Each  tread  of  the  steps  in  the  illuminated  area  corre- 
sponds to  (me  diojifie '  of  curvature.  The  excess  of  curvature  of  the 
most  refracting  meridian  may  thus  be  read  off  at  once. 

'  A  leiiB  in  which  the  focus  for  parallel  rayt*  is  at  one  metre  is  taken  as  the 
sttimlord  lens,  and  iU  ilegree  of  refractive  power  is  represented  as  one  dioptre. 
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THK  onUAI.  I>KKK«'I'S  OK  THK  KYK 

1.  Myopia  »nd     ijrpermetropUi.     Tii<-   .■.ni.iitioii   "f  ilu-  relia.tiv.- 
luolia  of  the  eye  when  either  hyiMrmetioiiia  <.r  myopia  ure  present 
an-  conveniently  testetl  by  what  iH  known  a»  tiie  shadow  test.     It  one 
take  H  concave  mirror  (such  u»  that  of  an  o|.litlmhno«co|.o  umn*   for 
the  inilirect  methtMl),  an.l  reflects  the  li^'ht  of  a  lamp  at  the  H,.;e  of 
the  subject  into  the  pupil  of  the  eye.  ..n  ItMikinj?  through  the  a|»ertiire 
in  the  mirro:  the  back  of  the  eye  is  ^een  to  Iw  partially  illiiminuteil. 
If  the  (subject  W  emmetropic  the  amount  of  illumination   i«  small, 
ai  ■    on  tilting  t        nirror   a   little    to   the   right   or   left    .   scarcely 
peiceptible  mover      t  of  the  light  area  .nay  »»e  seen  in  the  opjmite 
ilirectvm  ..I  t!-     tut.     The  image  of  the  lamp  forme.1  by  the  ciicave 
mirror   k    th*-    direct   source    of   illumination    o.    the    subjects    eye. 
.ml  thin  .  iM ;e  moves  to  the  right  when  the  mirror  is  tiltetl   to  the 
ght,  and  i».  accordance  with  the  inversion  of  the  image  on  the  retina 
the  illuminated  area  will  seem  to  pass  to  the  left.     The  general  irapres 
sion  that  one  obtains  of  the  result  of  tilting  the  mirror  on  the  emme 
tropic  eye  is  that   the  illumination  suddenly    disappears.     With    the 
hypermetropic  eye  the  illuminate<l  area  is  more  distinct,  as  a  large  part 
of  it  can  now  be  seen,  and  the  passing  of  this  area  to  the  right  or  left 
inversely  to  the  tilting  of  the  mirror  to  the  left  or  right  is  clearly 
visible.     In  the  case  of  myopia  the  observer  must  Iw  l)eyond  the  far 
point  of  the  eye  and  then  will  see  an  inverted  image  of  the  illuminate 
area.     As  the  result  the  apparent  illuminated  area  will  be  an  inversion 
of  the  »    ual  area.     When  therefore  the  mirror  is  tilted  and  the  image 
of  the  lamp  passes  across  from  right  to  left,  the  apparent  movement  will 
be  from  left  to  right,  so  that  the  movement  of  the  light  on  the  retina 
appears  to   be   the  same  as   the  tilt  of  mirror.     A  small  amount  of 
myopia  cannot  be  made  out  by  this  methotl. 

Experiment.  If  subjects  possessing  the  defects  of  myopia  and 
hypermetropia  cannot  be  obtained,  using  the  ophthalmoscopic  mirror  as 
directed  above,  observe  the  movement  of  the  light  on  the  retinal  screen 
in  KUhne's  artificial  eye  adapted  for  these  defects.  Compare  the  actual 
moven:  it  of  the  light  on  the  screen  with  the  appaicnt  movement  when 
observing  'n  front  of  the  eye  as  above. 

•2.  ImperfectioM  of  the  Beflracting  Media,  Entoptic  Phenomena,  (a) 
Certain  bright,  cloudy  appearances  may  be  seen,  which  disappear  after 
blinking  the  eyelids.     Wavy  lines  or  speckled  patches  may  appear  after 
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rubbing  the  eyes.  These  are  all  due  to  the  condition  of  the  corneal 
surface,  and  have  been  more  properly  called  'pseudentoptic'  phenomena. 

(6)  Dark  specks  or  irregularly  stellate  figures  may  be  seen,  depending 
upon  imperfections  in  the  lens  or  its  capsule. 

((•)  Mumie  Vditantes  These  appear  as  inoniliform  threads,  clusters  of 
bright  or  dark  circles,  and  are  referable  to  imperfections  in  the  vitreous. 

ExPKKiMENT.  Place  a  card  which  is  pierced  by  a  pinhole  a  little 
more  than  a  centimetre  from  the  eye  (t.e.  in  the  position  of  the  principal 
anterior  focus  of  the  'reduced'  i  e).  Look  at  an  evenly  but  brightly 
illuminated  surface  beyond,  as  a  sheet  of  thin  white  paper  held  in  front 
of  a  lamp.  The  rays  of  light  falling  on  the  retina  are  now  approxi- 
mately parallel,  and  any  shadows  that  form  in  consequence  of  imper- 
fections in  the  refracting  media  are  rendered  more  distinct.  Notice 
any  of  such  shadows  that  may  be  received  by  blinking,  due  to  im- 
perfections in  the  cornea  or  any  comparatively  fixed  figure  due  to 
imperfections  in  the  crystalline  lens.  These  may  be  practically  absent. 
No  difficulty  will  be  experienced  in  recognising  '  muscae  volitantes.' 
These  will  appear  as  small  particles  or  threads  which  appear  to  move 
away  rapidly  when  the  gaze  is  directed  at  them.  \Vhen  the  gaze  is 
fixed,  as  by  a  mark  on  the  white  paper,  they  are  still  -een  to  move 
slowly  downwards.  This  implies  that  actually  their  shadows  are 
moving  slowly  upwards,  and  that  the  objects  themselves  are  similarly 
slowly  ascending  in  the  vitreous. 

If,  whilst  gazing  at  some  distinct  cluster  of  muscae  volitantes,  the  eye 
move  upwards,  the  cluster  will  appear  to  move  upwards  too.  This 
actually  means  that  the  shadow  of  the  cluster  is  moving  downwards 
the  retina.     If  the  card  he  moved  downwards  the  same   result, 


on 


as  far  as  the  shadows  are  concerned,  will  occur.  From  this  it  may  be 
inferred  tliat  the  objects  producing  the  shadow  are  behind  the  nodal 
point  (situated  in  the  crystalline  lens),  ami  therefore,  if  the  movement 
of  shadow  be  appreciable,  on  the  vitreous. 

Objects  in  front  of  the  nodal  point,  such  as  impurities  on  the  cornea, 
would  appear  to  move  upwards  when  the  gaze  is  directed  downwards, 
and  conversely. 


111. 


CHAPTEIl  XXXVI. 

SENSATIONS  OF  LIGHT  AND  COLOUR. 

Many  theories  have  been  advanced  to  explain  the  phenomena  con- 
nected with  colour  vision.  The  most  important  of  these  theories  are 
those  connected  with  the  names  of  Young-Helmholtz  and  Hering. 
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The  theories  are  all  concerned  in  referring  the  multiplicity  of  colour 
sensations  to  fusion  of  ce    -.-^  simpler  sensations,  which  are  .lescribcl 
as   primary  colour  sensations.     In   the  Yo\ing-Helmholtz  theory  the 
primary  sensations  are  those  corresponding  to  red,  green,  and  blue 
violet;  in  the  Hering  theory  they  are  groui>ed  in  pairs,  which  are  the 
red  and   green   sensations,  the  yellow  and  blue  sensations,  and  the 
white  and  black  sensations.     It  is  necessary  to  assume  the  existence 
of  certain  photo-chemical  substances  in  the  retina,  which  can  be  acte.l 
upon  by  the  light  of  the  primary  colours.     The  light  at  thi-  ends  of  the 
spectrum  would,  in  accordance  with  the  Young  Helmholtz  theory,  act 
upon  either  the  red  visual  substance  or  the  violet  visual  substance,  in 
the  intermediate  part  of  the  spectrum  upon  all  three  visual  substances 
to  diflerent  extents.     If  all  are  affected  more  or  less  e«iually,  the  com- 
pound sens.^tiou  of  white  is  protluced. 

In  the  Hering  theory  there  would  also  be  assumed  to  exist  three 
primary  visual  substances,  but  according  to  the  chemical  changes  in  any 
single  substance,  whether  of  the  constructive  or  .lestructive  variety,  so 
a  sensation  corres|)onding  to  one  of  the  complementary  colours  of  the 
.lifferent  pairs  would  be  brought  about. 

A  certain  classification  of  colours  is  necessary.  They  may  be  con- 
veniently described  as  varying  in  hue,  tint,  or  shade.  The  hue  ot 
a  colour  is  its  colour  tone,  corresponding  to  its  wave  length.  The 
tint  of  a  colour  depends  upon  its  purity,  or  whether  it  is  admixed  with 
white— in  other  words,  depends  upon  its  saturation.  The  shade  ot  a 
colour  is  an  expression  of  its  brightness  or  intensity,  or,  what  lonies  to 
much  the  same  thing,  the  degree  to  which  it  is  admixed  with  black. 

1.  Colour  Tone.— In  reviewing  the  changes  of  hue  that  are  appreciable 
in  examining  the  spectrum,  it  is  to  be  noticed  that  the  changes  .lo  not 
occur  at  any  regular  intervals  corresponding  to  wave  lengths.  Changes 
of  colour  tone  are  most  easily  appreciated  in  the  yellow,  green,  ami  blue 
.rreen.     At  the  red  end  and  violet  ends  there  ai>pears  to  be  little  or  no 
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change  of  hue. 

The  variations  in  saturation  or  tint  can  Ihj  seen  by  using  the  red  and 
white  discs  of  a  colour  mixed  in  varying  proportions  and  noting  the 
corresponding  sensations  produced. 

2.  Intensity.— Variations  in  intensity  cause  changes  in  the  (juality  of 
colours.     At  their  maximum  brightness  colours  tend  to  give  the  sensa 
tion  of  white,  though  they  never  completely  do  this.     The  yellow  will 
the  most  easily ;  the  blue  and  violet  approach  close  to  it.     The  red  is 
most  distant  in  producing  the  sensation  of  wliite. 

Experiment  I.  Looking  through  a  pinhole  in  a  card  towards  the 
prism,  examine  the  spectrum  formed  by  direct  sunlight  or  the  arc-lami'. 
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The  distinctiveness  of  the  colours  is  less  marked  than  in  the  projected 
spectrum  examined  on  the  screen,  and  the  different  sensations  all 
approach  that  of  white.  The  red,  however,  does  not  pass  beyond  a 
yellow  sensation.  With  much  diminished  intensity  colours  become  less 
recognisable.  Red  in  particular  is  difficult  to  recognise  in  a  much 
diminished  light. 

ExPKKiMENT  II.  Tp.ke  a  small  square  of  red  paper  and  a  similar 
piece  of  blue  paper  which  in  a  light  of  moderate  brightness  appear  of 
approximately  eijii  il  intensity.  Carry  these  to  an  almost  dark  room 
and  note  the  dulness  or  even  blackness  of  the  red  whilst  the  blue  may 
still  appear  bright. 

E.vrKKiMKNT  III.  A  similar  experiment  to  Experiment  II.  may  be 
performed  with  the  material  of  Experiment  I.,  Section  H,  of  the  Milton 
Bradley  Pseudoptics.  Taking  the  red  and  blue  discs  it  will  be  noticed  that 
the  red  is  much  the  brighter  colour  in  ordinary  light.  But  if  the  two 
cards  be  carried  to  an  almost  dark  room,  it  will  be  possible  to  dis- 
tinguish the  blue  disc  far  more  easily  than  the  red. 

3.  The  Fusion  of  Distinct  Sensations  of  Black  and  White.  Flicker. 
— This  fusion  depends  upon  the  persistence  of  the  positive  after-images 
each  separate  stimulus  brings  about  If  separate  stimuli  follow  each 
other  sufficiently  rapidly  a  blending  >.  the  different  sensations  occurs, 
as  is  well  exemplified  in  the  presentation  of  the  series  of  rapidly 
succeeding  views  in  the  cinematograph.  The  phenomena  upon  which 
this  depends  can  be  shown  in  a  revolving  disc  divided  into  rings  of 
sectors  of  white  and  black,  increasing  in  number  from  the  centre  to  the 
circumference.     Such  a  disc  is  included  in  the  Petzold  series. 

Experiment  I.  Rotate  a  disc  such  as  (Fig.  24:i)  slowly,  and  note 
that  at  a  certain  rate  the  peripheral  ring  appears  as  a  uniform  grey,  a 
flickering  sensation  is  produced  on  the  neighbouring  rings,  but  the 
central  rings  show  an  alternation  of  white  and  black.  Increase  the  rate 
and  note  that  these  can  also  be  caused  to  blend. 

In  general  it  may  be  sUted  that  when  fusion  in  any  way  occurs  the 
resulting  sensation  of  grey  is  the  same  as  if  the  light  reflected  inter- 
mittently were  replaced  by  the  same  (piantity  of  light  continuously 
reflected,  in  other  words,  as  if  a  uniform  grey  of  a  certain  shade  were 
substituted  for  the  series  of  sectors  ;  moreover,  if  the  rate  at  which  the 
sectors  are  successively  presented  to  the  retina  be  increased  above  that 
necessary  for  fusion,  the  intensity  of  the  resulting  sensation  is  not 
altered.  (Talbot-Plateau  Law).  This  may  be  experimentally  confirmed 
in  the  following  manner. 

Experiment  II.     Take  a  lens  of  short  focus  and  hold  it  at  such 
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a  distance  from  the  disc  in  the  revolving  apparatus  that  no  distinct 
i„,a.'e  of  the  outer  rays  is  obtained,  but  only  a  blurred  api,earance  « 
grey.     Then  rotate  the  disc,  no  alteration  in  the  shade  of  the  grey  will 

''The  rate  necessary  for  the  Hickering  sensatic.  to  pass  into  complex 
fusion  depends  upon  the  intensity  of  the  light. 


Fio.  '.'43. 

EXPKRIMFNT  IV.  With  a  metronome,  note  the  rate  of  revolution 
necissa^y  to  produce  complete  fusion  in  the  outer  ""8-  f;.-'"''-'  I^^' 
room  and  observe  ^vhether  the  rate  be  altered.  It  wdl  be  iound  that 
with  diminished  light  a  slower  rate  of  revolution  bnngs  about  fusion. 
The  converse  is  true  up  to  a  certain  limit 

The  point  at  which  flicker  passes  into  fusion  has  been  used  as  a 
means  of  determining  the  condition  of  persistence  of  visual  sensations. 
It  is  to  be  noted  that  the  flicker  may  be  coarse  or  of  a  hue  tren.u  ous 
character.  The  transition  of  this  fine  flicker  into  fusion  should  be- 
taken as  the  limiting  sensation. 

The  excitability  of  any  portion  of  the  retina  is  influenced  by  the 
stimulation   of  that  portion  of  the   retina  (temporal  >n'l"'=tion)  an 
changes  are  simultaneously  induced  in   neighbouring   regions  of    h. 
retina  (spatial  induction).     These  factors  may  be  of  very  considerable 
influence  in  determining  the  point  at  which  flicker  passes  into  fu.ujn 
A  'physiological-  sUte  is  brought  about  by  a  certain  'physica    stim.  lu  . 
and  thereby  the  effect  of  the  stimulus  may  be  increased  or  ^•'n"»«''«;^^ 
If  then  a  succession  ot    limuli  of  say  blue  and  black  be  presented   o  the 
retina  at  a  cerUin  rate  flicker  will  pas.  into  fusion.     But  h  .  ae  blue  be 
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intensified  by  being  placed  on  a  black  blackground  this  rate  will  no 
longer  be  sufficient.     This  may  be  shown  in  the  following  manner. 

E.\i>ERiMENT  y.     Take  a  disc  like  that  shown  in  Fig.  244  with  black 
and  blue  semicircular  rings,  and  yellow  and  black  backgrounds.     On 


Fl<i.  244. 


rotating  this  disc  it  will  be  observed  that  the  flicker  persists  much 
larger  in  the  outer  blue  and  black  ring  than  in  the  inner  blue  and  black 
ring. 


Fiii.  245. 

Fechner  showed  that  certain  colour  effects  may  be  produced  by  slow 
rotation  of  discs  which  consist  of  black  sectors  of  increasing  size  on  a 
white  ground.  They  may  also  be  seen  in  a  disc  showing  black  •  re  ilar 
lines  of  different  circumferences  on  a  white  semicircular  are>.,  tne  other 
half  of  the   disc  being  black.      Such  a  disc  is  shown  in  Fig.  245. 
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It  has  been  shown  that  a  bright  object  on  a  dark  background  api>ear8, 
when  suddenly  exposed,  to  be  surronnde*!  with  a  red  \>on\eT  lasting  a 
fraction  of  a  second.  If  the  illuminauon  l>e  brighter  a  blue  green  eflVct 
is  visible.  These  facts  in  part  explain  the  apjiearance  of  colours  shown 
when  the  disc?  below  are  rotated. 

Experiment  VI.  Rotate  the  discs  (Figs.  24r>  and  -246)  and  note  the 
coloured  fringes  or  areas  appearing  according  to  the  direction.  The 
rate  must  be  slow.  The  simple  fusion  of  sensation  corre8iM)nding  to 
intermittent  stimuli  rapidly  repeated  may  be  also  shown  in  the  E.x\mi- 
ments  I.  and  II.,  Section  E  of  the  Milton  Bradley  Pseudoptics. 


Fio.  24«. 


4.  The  Fusion  of  Colour  Sensations.  -Several  methods  have  been 
devised  with  the  object  of  enabling  us  to  fuse  separate  colour  sensations. 
These  depend  either  upon  separate  colours  forming  images  on  the 
retina  in  such  rapid  succession  as  to  be  inseparable,  or  else  upon 
separate  colours  forming  images  in  the  same  portion  of  the  retina  so 
that  the  sensations  are  super  imposed. 

The  first  method  is  generally  carried  out  by  means  of  the  separate 
colours  being  arranged  as  sectors  in  a  circle,  which  is  rapidly  revolved 
about  its  centre,  the  instrument  adapted  for  the  purpose  being  known 
as  a  colour-mixer.  Discs  of  diff«rent  colours,  such  as  the  Wundt  series, 
are  obtainable,  and  each  disc  has  a  radial  slit  at  one  point  so  that  these 
can  be  arranged  upon  a  common  centre  and  a  circle  may  be  made  up  of 
sectors  of  various  discs.  It  is  desirable  to  have  discs  of  two  sizes,  one 
about  ten  inches  across,  the  other  four  or  five  inches.  It  is  to  be 
remei  .bere.1  that  these  discs  are  not  coloured  with  pure  colours  ot  the 
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spctrum,  and  the  results  of  their  mixture  yields  various  colours  which 
are  largely  mixed  with  grey. 

Exi'KRlMKXT  I.  Take  two  large  discs  of  red  and  green  and  two 
small  of  hlack  and  yellow.  Adjust  the  proportion  of  the  red  and  green  so 
that  rapid  revolution  produces  a  yellow.  This  will  be  dark  in  shr  'e 
and  can  be  matched  by  the  inner  discs  of  yellow  and  black. 

ExPEKiMKXT  II.  Take  large  discs  of  green  and  violet  and  small 
<lisc3  of  blue  and  black.  With  the  large  discs  a  blue  can  be  obtiiinod 
and  matched  with  the  ."^mailer  discs. 

K.xi'KKiMKNT  III.  Take  three  large  discs  of  reel,  green,  and  violet. 
To  bring  about  i  gootl  result  the  red  should  correspond  to  the  red  in 
the  spectrum  at  wave-length  6300,  the  green  to  wave-length  51  SO,  and 
the  blue  to  wave-length  4700.  Arrange  these  so  that  red  const' tutes 
about  11 X',  green  about  14(5°,  and  blue  about  96°.  Arrange  also  two 
smaller  discs  of  white  and  black.  As  the  result  of  revolution  the 
larger  discs  will  give  a  grey,  which  can  be  matched  by  about  285°  black 
and  75°  degrees  white  of  the  smaller  discs. 

E.XJ'KltlMKNT  IV.  Using  the  three  discs  of  Experiment  III.,  work 
gradually  through'  the  whole  spectrum,  using  different  sized  sectors  of 
each  for  the  different  regions  of  the  spectrum.  The  sizes  of  these 
sectors  will  roughly  correspond  to  the  different  <legrees  in  which  the 
three  primary  colour  sensations  according  to  the  Helmholtz  theory  are 
evoked. 

Tlie  best  method  of  fusing  the  colours  sensations  is  to  superimpose 
the  various  colours  of  the  spectrum  by  projection  of  the  same  on  a 
white  screen.'  By  means  of  lenses  the  spectrum  can  be  recomposed  as 
white  light.  By  introducing  shutters  eliminating  certain  portions  of 
the  spectrum  the  result  of  fusion  of  the  remaining  colours  can  be 
examined. 

5.  Complementary  Colours. — For  every  colour  in  any  part  of  the 
spectrum  there  is  a  colour  in  anotlier  part  of  the  spectrum  which,  when 
mixed  with  it,  will  yield  a  white  or  grey.  Such  colours  are  said  to  be 
complementary. 

I5xPKR!MKXT  I.  Take  from  the  series  of  colour  discs  one  of  an 
orange  colour.  If  no  disc  can  be  found  which  in  any  proportion  with 
the  orange  disc  will  give  a  white  or  grey,  take  the  blue  and  green  discs 
and  adjust  all  three  so  that  a  grey  is  obtainable.  (This  should  be 
estimated  by  smaller  discs  of  black  and  white).  A  certain  proportion 
will  exist  between  the  blue  and  the  £;reen.     If  now  the  whole  circle  be 


'  See  Abney,  Colour  Vinon,  p.  18  tt  seq. 
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divided  up  into  blue  and  green  in  thia  |)roj)ortion,  revolution  will  give 
the  hue  of  the  colojir  complementary  to  the  orange  originally  selected. 

It  will  be  found  by  such  experiments  as  this  that  orange  is  comple- 
mentary to  greenish-blue,  red  to  bluish-green,  yellow  to  blue,  yellowish 
green  to  violet,  and  green  to  purple. 

Exi'KKIMKNT  II.  If  a  coloured  object  be  viewed  on  a  white  surface 
it  may  provoke  a  negative  after-image  in  colour  complementary  to 
that  of  the  original  object. 

In  illustration  of  this  perform  the  experiments  Nos.  III.  and  IV.  of 
Section  E  in  the  Milton  Bradley  Pseuiloptics  series. 

6.  Contrast.— Besides  the  effect  which  different  colours  produce 
when  presented  simultaneously,  or  practically  simultaneously,  to  the 
retina,  f  s  in  colour-mixing,  other  effects  also  will  come  about  when 
different  colours  are  presented  successively  and  comparatively  slowly  to 
the  same  portion  of  the  retina,  or  again,  when  different  colours  are  pre- 
sented simultaneously  to  adjacent  areas  of  the  retina. 

In  the  first  of  these  two  cases  we  have  the  conditiori  of  Successive 
Contrast,  in  the  second  we  have  Simultaneous  Contrast. 

The  second  experiment  in  the  section  on  Complementary  Colours 
aflbrds  illustration  of  Successive  Contrast.  In  general  the  nature  of 
successive  contrast  may  be  shown  as  follows. 

Experiment  I.  Take  a  number  of  small  squares  of  various  colours 
each  about  I  cm.  in  size.  Arrange  also  a  series  of  fields  of  different 
colours,  as  well  as  one  of  white  ;  these  may  be  squares  of  1  or  2  decimetre 
side.  Taking  a  small  red  square,  place  this  in  the  centre  of  the  large 
white  square  and  in  a  good  light  gaze  at  it  for  two  or  three  minutes. 
Blow  the  small  object  away  and  contiuu-  tht  gaze.  An  after-image  of 
the  object  will  be  obtained  of  a  colour  complementary  to  that  of  the 
original.  Substitute  for  the  large  white  square  stiuarrs  of  different 
colour  and  perform  the  experiment  again.  It  will  be  found  that  the 
after-image  varies  in  colour  according  to  the  ground  on  which  it  is 
viewed.  If  red  be  the  colour  of  the  original  small  square,  the  after- 
image on  white  will  be  green  or  bluish-green.  If  projected  on  violet 
the  after-image  will  be  blue  and  if  on  orange  a  dull  brown. 

Experiment  II.  By  projection  successive  contrast  may  be  easily 
demonstrated  as  follows.  Two  lantern  slide  glass  plates  are  taken, 
and  on  one  is  marked  out,  in  centre  of  plate,  two  concentric  circles 
of  about  1-5  and  3  cm.  radius,  enclosed  by  black  lines  of  just 
perceptible  thickness  and  having  a  central  dot  of  about  the  same 
2  or  3  mm.  diameter.  On  the  second  glass  plate  are  fixed  rmgs  of 
coloured  gelatine  of  similar  size  to  the  two  circular  rings,  the  colours 
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chosen  being  preferably  complemenUry.  The  two  »lide»  are  pro- 
jected simultaneously  and  the  rings  are  gazed  at  (the  central  dot 
being  used  as  fixation  point),  for  half  a  minute.  The  slide  with  the 
coloured  rings  is  then  suddenly  removed,  the  gaze  remaining  on  the 
dot,  when  the  two  rings  will  be  seen  in  colours  complementary  to 
the  original  colours. 

SimulUneous  contrast  may  be  shown  in  the  following  shadow  and 
mirror  experiments. 

ExPKRiMENT  III.  Arrange  two  sources  of  light  about  six  inches 
apart,  and  allow  each  of  these  to  throw  a  shadow  cf  some  opaque  upon 
a  screen  held  about  a  yard  from  the  source  of  light.  (8  candle  power  and 
16  candle-power  electric  incandescent  lamps  answer  very  well  for  the 
two  sources  of  light.)  Interpose  a  coloured  glass  plate  in  front  of  the 
weaker  light.  The  shadow  corresponding  to  this  will  be  the  same 
colour  as  the  plate,  the  other  shadow  will  become  coloured  comple- 
menUrily.  Observe  the  variation  in  intensity  of  colour  according  to 
the  proximity  of  the  two  shadows.  If  the  object  be  moved  away  from 
the  screen  the  two  shadows  will  separate  and  the  colours  will  be  dull, 
if  the  object  approach  the  screen  closely  the  shadows  will  almost  touch 
and  the  colours  will  be  extremely  vivid. 

Experiment  IV.  Arrange  a  mirror  horizontally  so  as  to  reflect 
light  from  a  white  surface,  e.g.  a  white  lamp  shade.  Place  a  coloured 
glass  plate  over  the  mirror.  Interpose  an  opaque  object,  as  a  pencil  or 
the  finger,  in  the  course  of  the  white  light  incident  on  the  mirror. 
Observe  that  two  reflected  images  of  this  are  seen,  one  from  the  surface 
of  the  coloured  glass  and  of  the  same  colour  as  the  glass,  the  other 
reflected  from  the  surface  of  the  mirror  and  compleme;  tary  in  colour. 
Gently  tilt  the  coloured  glass  so  as  to  separate  the  images.  It  will 
be  found  that  they  are  most  brilliantly  coloured  when  slightly  over- 
lapping. 

Experiment  V.  Place  the  dark  grey  papers  of  Experiments  III.  and 
IV.,  Section  G,  of  the  Milton  Bradley  Pseudoptics  on  the  different 
coloured  fields  and  cover  with  tissue  paper.  Observe  the  contrast 
colour  that  appears  in  the  grey  paper. 

Experiment  VI.  Arrange  on  the  colour-mixer  the  discs  of  Experi- 
ment v.,  Section  G,  of  the  Milton  Bradley  Pseudoptics.  On  rotating 
these,  the  black  and  white  rings  will  assume  a  colour  in  contrast  with 
that  of  the  general  field. 

Experiment  VII.  The  Experiments  I.  and  II.,  of  Section  G,  Milton 
Bradley  Pseudoptics,  illustrate  the  effects  of  contrast  in  black  and 
white  alone. 
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The  above  experiments  on  Complemenury  Colour  and  CuntraHt 
depend  upon  variations  in  excitability  in  the  retinal  area  involvetl  or  in 
adjacent  retinal  areas.  The  change  in  excitability  that  occurs  in  any 
retinal  area  when  aflTectfid  by  incident  light  is  spoken  of  as  caused  by 
temporal  indnction,  and  the  change  that  is  brought  about  in  adjacent 
areas  as  resulting  from  spatial  induction.  Successive  contrast  depends 
upon  temporal  induction,  simultaneous  contrast  upon  spatial  induction. 
The  phenomena  connected  with  the  formation  of  after-images  are 
«xample8  mainly  of  temporal  induction. 

With  regard  to  the  complementary  colour  of  after-images,  this 
is  thought  by  some  to  be  simply  the  result  of  fatigue.  Others  regard 
the  phenomena  as  due  to  initiation  of  pnwesses,  the  converse  of  t'.ose 
brought  about  by  the  original  stimulus.  Ilering's  theory  of  colour 
vision  involves  an  explanation  of  these  processes  in  acconlance  with  the 
latter  view. 

In  this  connection  it  will  not  be  out  of  place  to  refer  to  a  pheno- 
menon known  as  Irradiation. 

Experiment  VIII.  Let  a  black  square  be  inscribed  in  a  white 
square  of  three  times  the  side,  and  conversely,  let  a  white  square  be 
inscribed  ia  a  black  square  of  three  times  the  side.  The  side  of  the 
inner  square  will  be  equal  and  should  be  about  a  centimetre  long  If 
the  two  figures  be  placed  side  by  side,  the  inner  white  square  will 
appear  larger  than  the  inner  black  square.  The  material  for  this 
€xperiment  on  a  larger  scale  is  also  provided  in  the  Milton  Bradley 
Pseudoptics,  Section  C,  Experiment  IV.  The  explanation  of  this  may  be 
due  to  the  dispersive  power  of  the  lens,  as  the  appearance  is  more  con- 
spicuous with  a  large  pupil,  or  it  may  be  due  to  the  chemical  processes 
of  a  certain  kind  (katabolic)  in  the  retina  tending  to  encroach  on 
adjacent  fields  ot  the  retina,  the  opposite  processes  (anabolic)  apparently 
not  having  that  tendency. 

E.XPERIMENT  IX.  A  line  passing  through  the  adjacent  edges  of  two 
rows  of  black  squares,  arranged  so  as  to  overlap  appears  obli(iue.  See 
Milton  Bradley  Pseudoptics,  Section  B,  Experiment  V. 

7.  Colour  Blindness.— The  inability  to  distinguish  diflerent  hues  of 
colours  constitutes  the  condition  of  colour  blindness.  It  may  vary 
much  as  regards  the  failure  shown.  A  person  may  be  red  blind  and  then 
only  appreciates  the  colour  of  red  objects  as  far  as  they  show  other  con- 
stituents of  white  light.  Such  a  person,  according  to  the  Helmholtz 
theory  of  colour  vision,  would  be  entirely  lacking  in  the  production  of 
the  red  sensation.  Or  a  person  may  lack  the  green  sensation  and  be 
green  blind,  and  very  rarely  violet  blindness  may  exist. 
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If  a  red  blind  \yenon  be  examined  as  to  his  gensations  Blong  the 
range  of  the  spectrum,  he  sees  nothing  at  the  extreme  red  end  of  the 
spectrum  at  all.  A  glimmer  of  what  he  calls  dark  green  is  seen  in  the 
position  of  the  rwl  lithium  line,  and  this  green  gradually  becomes  more 
conspicuous  to  him  through  the  yellow  to  the  pro|>er  green.  Passing 
to  the  blue  green  he  says  the  colour  is  grey,  being  similar  to  his  idea  of 
white  admixed  with  a  certain  amount  of  blacl;.  I'as-sing  further  to  the 
blue  end  he  recognises  the  blue  and  speaks  of  the  violet  as  dark  blue. 
Similarly,  a  green  blind  person  will  recognise  a  grey  in  the  middle  of  the 
si)ectrum,  but  rather  more  in  the  green  than  the  locality  thus  named  by 
the  red  blind. 

Colour  blindness  can  be  conveniently  tested  by  the  use  of  a  series  of 
coloured  wools  of  great  variety  of  hue  and  tint.  Such  a  set  of  wools 
are  spoken  of  as  Holmgren's  wools. 

Exi'EisiMKNT.  Spread  out  the  wools  on  white  blotting  paper  in  a 
good  light.  Avoid  mentioning  the  names  of  the  colours  of  any  of  these 
wools,  but  pick  out  a  whitish  green,  and  request  the  subject  to  collect  all 
those  wools  which  approximate  in  hue  or  tint  to  the  colour  presented. 

If  any  errors  are  made,  proceed  to  test  whether  he  is  red  blind,  green 
blind,  or  violet  blind.  Give  him  a  skein  of  a  magenta  hue.  If  he  is 
red  blind  he  will  pick  out  blue  and  violet ;  if  green  blind  he  will  con- 
fuse green  and  grey. 

The  matching  of  colours  may  be  also  carrietl  out  by  rotating  the 
various  cards  of  the  colour-mixer,  and  thus  matches  of  any  colour 
under  examination  can  be  obtained.  The  same  result  can  be  obtained 
by  projecting  various  portions  of  the  spectrum  as  mentioned  in  colour 
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BINOCULAR   VISION. 

Thk  images  formed  on  the  two  retinae  of  an  external  obje- :  amongst 
its  surroundings  will  not  be  identical.  The  lack  of  identity  enables  an 
observer  to  form  a  judgment  as  to  its  position  in  space.  Such  a  judg- 
ment is  more  easily  formed  when  the  object  is  comparatively  near  than 
when  far  off,  as  in  this  latter  case  the  images  are  approximately  similar. 
Though  the  images  for  objects  at  a  certain  distance  are  not  identical,  it 
is  necessary  that  they  should  be  thrown  on  certain  corresponding  parts 
of  the  retina  in  order  that  a  single  sensation  should  result. 

In  order  that  a  single  image  then  should  result,  it  is  necessary  that 
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various  movfinentg  of  the  eye*  «houl<l  occur,  m>  that  the  two  ima^cn 
ftlioulil  fall  on  correii|>on(liiij?  |)oiiit». 

With  reference  to  the  movement*  of  the  eye»,  it  is  cmttomarv  to 
reganl  them  as  taking  plai-e  almiit  thri'««  axes :  {")  the  mijilln}  axis, 
corresponding  nearly  to  the  line  of  sight;  (A)  the //(»«/-'/  axis,  ext«-n<ling 
from  right  to  left  in  each  eye ;  an<l  (')  the  rntiml  axis.     These  axe»  are 
rej^arJed  as  intersecting  at  one  point  the  mtlii'  <;/'  ivtutioii  of  the  eye. 
With  the  head  in  fixed  position  the  extent  of  space  in  which  tihjects  can 
be  seen  hy  allowing  the  ■<  aximiim  of  ey<-  movement  is  called  the  Field 
of  R«(ard.     If  the  head  an«l  body  are  erect  and  the  eyes  are  directed 
towards  the  distant  horizon,  the  iM)8ition  assumed  is  sjKiken  of  as  tiie 
Primary  Poaition.     The  |)oint  HjMjn  which  the  eyes  are  fixetl  is  called 
the  Principal  Point  of  Rogard.     A  position  which  the  eyes  may  take  up 
which  does  not  conform  to  the  recjuirements  of  the  Primary  Position  is 
called  a  Secondary  Position.     If  an  observer  shift  his  gaze  from  the 
principal  point  of  regard  to  some  other  jwint  in  the  field  of  regiinl,  he 
may  pass  directly  to  this  new  position,  or  may  pass  over  a  varied 
number  of  dift'erent  points  in  the  field  of  regard  before  reaching  this 
final  jiosition.     The  amount  of  rotation  about  the  different  axes  of  the 
eye  finally  involved  in  adopting  this  new  position  will  be  the  same 
whether  the  eye  pass  to  it  directly  or  by  a  number  of  varied  inter- 
mediate positions.     In  other  words,  only  one  position  is  possible  when 
the   gaze   is   shifted  to   this  second  point.     This  is   called   Donders" 
law.     An  extension  of  the  rule  is  seen  in  Listing's  law,  which  lays 
down  that  in  moving  from  the  primary  position  there  is  no  rotation 
at  all  upon  the  sagittal  axis,  but   merely  upon   the   horizontal  and 
vertical  axes. 

1.  Binocular  Direction.— In  jmlging  of  the  jtosition  of  near  objects, 
they  are  referred  not  to  either  eye  separately,  but  to  an  ideal  eye 
situated  midway  between  the  two  actual  eyes,  the  so-called  Cyclopean 
eye  of  Hering.  A  line  drawn  through  the  object  to  the  centre  of  such 
an  eye  is  the  Binocular  Line  of  Regard. 

Exi'ERiMKNT.  Make  a  pinhole  in  a  sheet  of  paper,  and  starting  with 
the  hole  well  to  the  righ  '"  the  right  eye,  draw  the  paper  across  the 
eye  horizontally,  so  that  the  pinhole  will  pass  across  each  eye  succes- 
sively. Fint  one  and  then  a  second  image  of  the  pinhole  will  be  seen 
as  it  pas.se8  over  each  eye,  but  in  either  case  the  hole  will  be  referred  to 
the  median  plane  or  the  Cyclopean  eye,  and  will  seem  like  a  succession 
of  two  holes  over  this  eye. 

2.  Single  and  Double  Images.— If  the  two  eyes  be  directed  towards 
an  object  about  two  feet  off,  and  a  finger  be  held  up  in  the  binocular 
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lin«  of  regftnl  about  a  foot  from  the  eyes,  a  double  image  of  the  finger 
will  bo  Been.  In  this  ca«e  the  iniagea  of  the  finger  will  fall  upon  non- 
correaponding  parts  of  the  retina,  and  hence  the  image*  will  not  combine 
to  form  a  single  Sf-nsation. 

KXPKKIMKNT  I.  Place  a  rod  vertically  about  two  feet  from  the  eyes. 
Adjust  the  vision  for  a  clear  inia<.,'e  of  the  rod.  Then  hold  up  a  finger 
in  the  binocular  line  of  regan!  about  twelve  inches  from  the  eyes.  A 
double  image  of  the  fingers  will  be  seen.  Close  the  left  eye,  the  right 
image  will  disappear.  Then  accommiMlate  for  the  finger,  and  n  ilouble 
image  of  the  ro«l  will  be  seen.  Close  either  eye,  and  the  image  on  tho 
same  side  will  disappear. 

This  experiment  may  also  l)e  jierforroed  with  the  material  in  the 
Milton  Bradley  Pseudopticn,  Section  I.,  Kxperiment  I. 

The  double  images  seen,  tho  above  experiment  may  be  crossed  or 
uncrossed.  If  -ossed  they  are  spoken  of  as  heteronymous  images,  if 
uncrossed,  as  homonymous  images. 

In  general,  if  the  optic  axes  of  the  two  eyes  converge  towards  a 
certain  point,  and  a  circle  be  described  passing  through  this  point  and 
the  two  centres  of  rotation  of  the  eyes,  then  an  object  outside  the  circle 
will  produce  homonymous  images,  and  an  object  inside  the  circle, 
heteronymous  images.  With  a  definite  point  of  regard,  then,  it 
will  be  found  that  if  a  circle  V»e  described  through  this  |)oint  as 
above,  objects  lying  on  this  circle  will  be  seen  single.  Such  a 
circle  is  called  a  horopteric  circle,  and  the  complete  surface  (inter- 
sected as  above  by  a  horizontal  plane,  forming  a  circle)  is  referred  to 
us  a  horopter. 

Double  images  of  single  lines  may  be  shown  in  performing  the 
Experiments  II.  and  III.,  Section  I.,  of  the  Milton  Bra«lley  Pseu 
doptics. 

When  double  images  lie,  not  symmetrically  with  regard  to  the 
line  of  regard,  but  both  to  one  side  of  that  line,  that  nearer  the  line  of 
regard  is  the  more  distinct,  and  the  other  is  hardly  discernible. 

Kxi'ERlMKNT  II.  Fix  the  eyes  on  some  remote  object,  and  hold  a 
pencil  about  six  inches  from  the  right  eye  ami  about  two  inches  to  the 
right  of  a  line  passing  from  that  eye  to  the  remote  object.  The  image 
falling  upon  the  right  retina  will  alone  be  appreciated.  Close  the  right 
eye,  and  the  second  image  will  also  be  observed. 

In  general  the  image  falling  upon  the  r.*sal  side  of  one  retina  will 
ilominate  over  that  falling  on  the  temporal  side  of  the  other  retina. 

3.  Binocular  Fusion  of  Dissimilar  Images.— If  two  partially  dis- 
similar images,  or  at  any  rate  not  absolutely  identical  images,  fall  upon 
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corresponding  poinU  of  the  two  retinae,  the  Mn»Ationi  corrMjxmtUng  to 
ii  Ringle  image  result. 

Exi'KRiMENT  I.     Place  on  a  itereoncopic   slide,  or  on  a  »•         .>f 
canllKmrd,  red  and  green  posUge  stamp  at  a  *KsUnci>  f.  jthor 

•'•{ual  to  the  int«rocular  distance,  and  similarly  arr*n«.  Observp 
these  in  the  stereoscope,  and  the  sensation  of  a  single  imagb  -c'  a  Wack 
or  brown  jtostage  stamp  will  result. 

ExrKRiMKNT  II.  Perform  the  experiment  in  the  Milton  Brailley 
p8eudoptics,  Section  K,  Experiment  III.  The  fusion  of  the  two  retinal 
injages  gives  the  impression  that  one  is  looking  through  a  rouml  hole 
in  the  hand. 

4.  Binocular  Perception  of  Belief.— Tlie  jwrception  of  relief  which 
enables  a  judgment  as  to  solidity  to  be  formed  depemls  upon  the  fact 
that  the  two  picti.  s  pre»ente«l  to  the  retin  .e  are  not  identical  The 
amount  !)f  variation  in  the  pictureH  will  dei)end  upon  the  inteiDcular 
distance  and  the  proj)in<iuity  of  the  objects.  The  first  being  ton 
slant,  it  follows  that  a  jutlgment  as  to  solidity  is  more  ea.<iiiy  formed 
in  the  case  of  near  objects  than  distant  objects.  Similarly,  a 
judgment  as  to  the  relative  distaii  es  of  an  object  from  the  observer 
dei>end8  upon  the  difference  in  position  of  an  object  with  r.-spect  to 
surrounding  objects  which  exists  in  the  two  views  presented  to  tlie 

two  eyes. 

The  difficulty  in  forming  a  judgment  as  to  the  precise  position  in 
space  of  an  object  when  vieweil  with  oidy  one  eye  may  l)e  shown  in  the 
following  experiment. 

iLxi'KKiMKNT  I.  Stick  a  knife  into  the  wall,  i  .  !  !-  .lai.i.  "r  'he 
handle  a  cork.     The  height  from  the  ground  shou!  '  l^e  ,<b,..iiL  .ivc-  or 
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six  feet.     Close  the  left  eye,  and,  starting  at  ab..i:     ;<• 
wall  with  the  right  hand  extended  forwanl,  walk  .   i'i 
and  by  a  sweep  of  the  hand  attempt  to  remove  tl  r     nl:. 
success  will  f   iquently  attend  the  effort. 

It  is  seen  from  this  experiment  that  it  is  difficult  to  lo-  .'  ; 
precisely  in  space  when  a  single  ocular  view  is  alone  obtaineu. 

On  the  other  hand,  if  perfectly  Hat  pictures  be  taken  differing  from 
each  other  to  the  same  degree  as  actual  i.ictures  presented  to  the  two 
eyes  would  differ,  and  if  such  flat  pictures  be  combined  by  some  form 
of  stereoscope,  or  by  crossing  the  eyes,  the  resulting  sensations  will 
correspond  to  a  single  picture  on  which  the  diflerent  objects  are 
diirerenlly  projected  into  the  space  embraced  by  the  picture,  in  which 
the  quality  of  deiifh  is  added  to  the  ilatness  shown  by  each  picture 
separately. 
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These  effects  can  perhaps  best  be  shown  by  examining  the  Martins- 
Matzdorffi  series  of  diagrams  with  a  stereoscope. 

Visual  niuBions.— -The  study  of  Visual  Illusions  is  somewhat  beyond 
the  scope  of  the  present  work,  but  the  student  may  advantageously 
perform  various  of  the  experiments  on  the  Milton  Bradley  Pseudoptics, 
which  illustrate  many  of  these  illusions.  The  Sections  A,  B,  C,  D,  and 
.1  are  specially  recommended  in  this  connection. 

'  The  diagrams  can  be  obtained  from  Wiuckelmann  und  Siihne,  Berlin ; 
Petzoldt,  Leipsic;  or  from  Messrs.  Baird  &  Tatlock,  Cross  Street,  Hatton 
(iarden,  London.  From  the  latter  firm  can  be  obtained  any  of  the  instruments 
mentioned  above  or  the  Milton  Bradley  /V»^oy>^>.i  Series. 


•f- 


HEAKlNli. 


CHAPTEK  XXXVIII. 


DISSECTION  OF  THE  EAR  IN  THE  SKATE. 
AUDITORY  SEXSATIOX.S. 

Ear  of  Skate.1-  1.  Pan-  away  the  eaitila«;e  hetwccn  tho  .'vcs  of  a 
skate.  When  the  )>raiu  is  reached  eontimie  the  jKiriiij;  lat.ially,  ami  ni 
the  cartihige  at  the  side  of  the  hinder  jwrt  of  the  l.raiii  tlicre  will 
eventually  l»e  exposed  one  of  the  semicircular  Ciinals.  \\  hen  this  is 
reached  remove  the  upper  wall  as  far  as  ix.ssil.le.  In  th.«  holh.w  formed 
hy  the  cartilage  will  1>e  seen  the  fine  membranous  canal,  dilating  at 
..ne  end  int^.  an  ampulla.  On  continuing  the  e>  ,>osure  of  the  mem- 
branous canal  it  will  he  .seen  to  join  a  rather  huge  memhraiious  sat.  tlu- 
utricle.  Separateil  l>y  a  slight  constriction  is  a  smaller  sac,  the  saccule, 
and  at  the  anterior  end  of  this  is  a  small  memUranous  projection  which 
represents  the  cochlea. 

•_>.  Continue  the  di.s.seetion  further  so  as  to  completely  expose  the 
three  semicircular  canals.  Note  also  a  tiiLe  heading  towards  the  sur 
face  from  the  utricle,  representing  the  recessus  vestibuli. 

.?.  Ohserve  that  the  ampullae  are  more  rigidly  adherent  to  the 
cartilaginous  walls  than  the  length  of  the  memhranous  canals.  ()|«-ii 
<.ne  such  ampulla  where  cmipjuiitively  fire  and  note  the  crista 
acustica  running  transversely  acro.ss  the  tuhe  for  ahout  a  third  of  the 
circumference. 

AUDITORY  SENSATIONS. 

Range  of  Appreciation  of  Sound.     Exit.iument.     In  a  room  as  fiee 
from  noise  as  jjossihle,  let  the  subject  sit  with  eyes  dosed  and  one  ear 
plugged  with  cotton-wool.     Let  a  watch  he  held  in  a  line  joining  the, 
'  A  ilug-fibh  can  be  used  for  this  <Ussection. 
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two  ears,  atul  let  it  Jmj  plmcd  opposite  the  open  ear  at  such  a  distance 
that  its  ticking  is  just  apprtjcialile.  In  a  quiet  room  this  distance  may 
\arv  from  I'i)  to  altout  5  meters.  Kepeat  the  experiment  with  the  other 
ear. 

2.  Auditory  Fatigne.  -The  ful!  eftect  of  any  sudden  soinid  tends  to 
temporary  fatigue,  to  ulwilish  appreciation  of  the  fainter  echoes  which 
succ«!ed  it.  If  the  full  effect  Iw  avoide<l  the  fainter  echoes  uuiy  Iks 
heard. 

Kxi'KKniEXT  I.  Let  a  sudden  intense  sound  (such  as  may  l>e  made 
liy  striking  u  bench  with  a  hammer)  he  produced,  (")  with  the  ears 
open,  (/')  with  the  ears  closed  for  about  half  a  second  after  the  impu  t. 
In  the  first  case  the  intense  sound  will  alone  he  noticed,  in  the  second 
case  faintei'  echoes  will  lie  noticed  in  opening  the  ears. 

K.xi'KKlMKNT  II.  Strike  a  tuning  fork  and  place  it  on  the  crown  of 
the  head  with  gentle  pressure.  When  the  sound  is  no  longer  heard, 
remove  it  for  a  few  seconds  and  then  replace  it  again  when  the  sound 
will  lie  again  appreciated. 

KXPKRIMKNT  III.  Using  a  liinaural  stethoscope,  soiuid  a  tuning-fork 
on  a  stand,  and  standing  symmetrically  with  respect  to  the  fork  let  the 
opening  of  the  stethoscope  be  directed  towards  the  fork.  Then  pinch 
one  tube  of  the  stethoscope,  and  the  sovuid  will  l)e  located  by  means  of 
the  patent  tube  only.  When  the  sound  has  almost  died  away  reopen 
the  pinched  tube,  and  now  the  sound  will  appear  differently  located  and 
more  intense  to  the  ear  which  has  not  been  fatigued. 

■?.  Appreciation  of  Pitch.  -Extkriment.  With  some  appjuatus 
which  will  j)rovide  variation  in  pitch,  obseive  the  highest  pitch  in  which 
tone  can  still  be  recognised.  Conversely,  note  the  lowest  audible  pitch 
in  which  tone  can  still  be  heard. 

4.  Recognition  of  Absolute  Pitch.  By  practice  a  trained  nuisician 
can  name  the  pitch  of  different  tones.  Education  is  required  more  for 
this  probably  than  in  naming  fine  differences  of  colour. 

Exi'EKrMKNT.  Sit  with  the  back  to  a  piano  and  name  the  notes 
struck  at  random  by  the  observers.  In  many  cases  this  experiment 
may  be  impracticable. 

.").  Beats.  If  two  tones  of  different  pitches  be  produced  at  the  same 
time  they  nnitually  interfere  and  the  result-iint  sensation  is  Tuarked  by 
a  rhythmic  variation  in  intensity,  and  is  deseril)ed  as  characterised  by 
Ileitis. 

Exi'E!{i.MENT  I.  Put  two  tuiniig-forks  of  different  pitches  int<» 
viltration,  and  frequently  the  rhythmic  beating  is  easily  recognised. 
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EXPEKIMEXT  II.  Take  two  tuning-forks  which  pnMliut'  Iwats  when 
simultaneously  caused  to  vilnate.  Place  one  at  such  a  distance  t'loni 
the  ear  that  it  can  scarcely  ha  heard.  Bring  the  other  fork  graihially 
closer  to  the  ear  and  the  Wats  will  Ik;  recognised. 

6.  Compotmd  Tones.  The  tones  pr.Kluced  liy  musical  instrument., 
are  not  simple  tones,  liut  hlendwl  with  other  so  called  overtones,  'llie 
lowest  tone  of  the  group  gives  the  fundamental  tone. 

K.Xl'EKIMKXT.  Stretch  a  violin  .string  between  two  fixed  iM>ints. 
Set  this  into  vibration  l)y  pulling  it  near  one  end,  and  immediately 
touch  it  in  the  centre  with  the  finger.  The  ton,-  will  seem  to  l.<-  pitched 
an  octave  higher.  The  fundamental  tone  of  the  original  group  is 
oMiterated,  and  the  lowest  tone  now  is  an  octave  highei\  and  thus  a 
new  fundamental  with  other  less  evident  overtones  give  the  tone  to  the 
group. 

7.  Location  of  Tones.  Ex I'ERIMKNT  I.  Sound  a  large  tuning-fork 
and  press  it  aga^i  the  vertex.  The  sound  will  appear  to  come  from 
inside  the  head.  Then  close  one  ear,  and  the  suiukI  will  seem  to  l.e 
localised  in  the  other  ear. 

Kxi'ERIMENT  II.  Sound  a  tuning-fork  as  aliove  and  note  the  ettect 
of  placing  it  on  different  jjju.s  of  the  head. 

Experiment  III.  SounA  a  tiuiiug-fork  and  let  its  foot  rest  upon  the 
teeth.  Close  one  car  and  hx-alise  the  ai)iKireut  change  in  position  of 
the  sound. 
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CHAPTER  XXXIX. 
INTRACARDIAC  PRESSURE.      BLOOD  FLOW. 

Intracardiac  Pressure. — Owing  to  inertia  the  mercurial  manometer 
is  unable  to  respond  to  the  rapid  changes  of  intracai'diac  pressure.  The 
pulse  curves  ol)tained  by  the  mercurial  manometer  are  also  distorted  by 
the  swings  due  to  the  momentum  of  the  mass.  To  record  the  changes 
of  intracardiac  pressure  an  instrvmient  must  be  contrived  which  is  able 
tf)  follow  a  change  of  pressure  etiiuil  to  1500  mm.  Hg  per  second. 


Kill.  ^47.— HUrthle'a  spring  manometer. 


Fio.  248.  — SphygmoBcope. 


Hiirthles  spring  manometer  consists  of  a  small  tambour,  •')•')  in 
<liameter,  covered  with  rubber  membrane.  A  button  attached  to  the 
membrane  works  agiiinst  a  steel  spring.  The  movement  of  the  spring 
is  magnifie<l  by  a  light  lever.  Inertia  is  proportional  to  the  mass  and 
the  square  of  the  velocity.  By  nuiking  the  tambour  very  small  and  the 
lever  very  light  the  errors  due  to  the  inertia  of  the  fluid  and  lever  are 
reduced  to  a  minimum. 

The  sphygmoscope  is  an  equally  good  instrument.  One  end  of  a 
rub1)er  fingerstall  is  drawi.  over  the  end  of  a  rubl»or  cork.  The  c^rk  is 
inserted  into  a  short  piece  of  wide  tube.     A  glass  tube  passes  through 
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this  cork  into  thf  small  «i.-«iwei-  whifh  is  left  at  tht-  t..,,  ot  ll..-  tu.-.'r- 
stall  The  other  eiul  of  the  wide  tul.e  is  elosed  ».y  a  nil.l..-v  .oik.  A 
glass  tube  ,wsses  through  this  cork  a.i.l  is  conne.te.l  with  i  r.conling 
tamlM.ur.     The  Hiiger-stall  acts  as  the  sj.rii.-. 


iiiii/yiiiii^iUJO^^ 


Arterial  prchKUrc  recrdcl  by  :>  »J"!"H,  """}■'""'}':!':,, 
of  tl.e  tUw  during  tl.i-  i«.-rioa  i.mrkc-.l  t.v  ti.e  »l>,'nal 


Kid.  249, 
excitation  of  tlie  viifnw  during 


KIT'it  "f  weak 
(Dulioia.) 


Bv  means  of  Hiirthle's  .litlerential  manomet.-r  the  relations  ot  pivssu.v 
in  anv  two  cavities  of  the  heart  may  l.e  .letermii.e.l,  an.l  tlu-  exa.t 
moments  at  which  the  valves  shut  an.l  oikm,  fonn.l.     In  this  mstrnment 


Fi<^.  2:*.-Hitithlt=s  differential  ni.inoiueter. 

two  cannulae  are  brought  int..  .-..nnecti....  wiU,  tambours  ,.la.-.Ml  .... 
either  si.le  .,f  the  fulcrum  of  a  lever.  The  lever  w..rks  agains,  a  s,.nng. 
which  in  its  turn  sets  a  writing  lever  in  m..ti..n.  NNhen  tin-  pn-ssures 
are  e.i«al  the  writing  point  is  at  /.ero.  It  r.ses  or  falls  ace.. r. ling  a.  th. 
pressure  in  one  cavity  rises  above  or  falls  beh.w  that  of  ^  »'  <'  he. 

Connect  by  side  tubes  the  mercurial  ma.u.meter  and  the  H  n,h 
nuuiometer  with  the  artery  in  the  artificial  schema.      Fak..  ^-^-^^^ 
,a,h  instrument  on  a  nuKlerately  fast  .hum,  and  c..n,,Kue  the  results. 
Connect  by  side  tubes  one  side  of  the  llurthle  .liH-.-rent.al  manometc- 
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with  the  chani}M!r  of  the  pump,  and  the  other  side  with  the  artery  close 
t^»  the  valve.  Take  u  reconl,  and  observe  how  the  inatrument  records 
the  moment  when  the  valve  opens  an<l  shuts.     If  a  time  tracing  he 


ivmmmmmm^wtmmmmmiwiww^fMm 


Kid.  251.— Aortic  aud  veutricular  preiMuru  eiirveii  Ukcii  by  Hllrthio  manumeturs.    (Hllrthle.) 

taken,  the  time  relation.s  of  the  pump  (ventricular  c(mtractioii)  can  Vie 
exactly  determine  i.  The  period  of  ventricular  systole  is  divided  into 
three  :  (1)  the  pv,riod  of  ri.sing  tension,  when  all  the  valves  are  closed  ; 


Fiii.  Jo-.'.— .Stlicma  to  show  tlio  velocity  and  resiHtance  headt.     B,  I'ressure  bottle.     A,  Tube 
with  iiiciijineturs.     K  F,  Pitot  tiiboB. 

(2)  the  peritMl  of  output ;  (3)  the  perio<l  of  relaxation.  In  .siniultaneou.s 
records  of  intraventricular  pies.«iure  and  aortic  pressure  the  heginning 
of  the  aortic  rise  (•_*)  niarks  th<-  opening  of  the  aortic  valve  and 
beginning  of  output.     The  end  of  output  occurs  when  the  semilunar 
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valvt'8  ckwt'  at  the  l>egiiining  of  th«'  dicTotit-  notch  (4).  The  jmtjimI  ..f 
rising  tenHion  lastn  from  the  lieginning  of  systole  (1)  to  the  o|M'iiing 
•of  the  semilunar  valves  {'!). 

Velocity  of  Blood  Plow.- -Insert  the  I'itot  tuWs  K  mul  F  into 
«  tube  A  through  which  water  ia  flo  ^  from  a  constant  heail  of 
pressure  B  (Fig  2'>.»).  Note  that  the  water 
rises  to  <lifferent  levels  in  the  tuhes.  E  re- 
<onl8  the  resisUnce  heail  plus  the  vcltHiity 

head.     F  records  the  resistance  head  miinis 

the  velocity  head.     Measure  the  outflow  jwi 

minute  from  the  tube  A,  and  note  the  ditference 

between  the  heights  of  the  menisci  in  E  and 

F.     Lessen  the  velocity  by  partly  screwing 

up  the  clip  on  the  end  A.     Measure  the  out- 
flow per  minute,  and  note  that  the  menisci 

are  nearer  together.   Close  the  end  of  A.   The 

flow  ceases,  and  the  menisci  in  the  two  tubes 

reach  the  sjvme  level  as  that  of  the  head  of 

pressure   B.     Cybulski   makes  tise  of  this 

principle  in  the  construction  of  the  photo- 

haematochometer,  an  instrument  by  which 

alterations    in    velocity    can    be    recorded 

Fig.  2'>:». 

The  velocity  can  also  be  measured  in  the 

artificial  schema  by  injecting  1  c.c.  of  methy- 
lene blue  sat.  sol.  into   artery,  and   noting 

by  means  of  a  stop-watch  (or  electric  signal  and  dnnn)  the  moment  of 

injection,  and  the  moment  when  the  blue  fluid  reaches  the  capillary  tube. 
The  Circulation  Time.— In  the  artificial  schema  measure  the  circu- 
lation time  by  injecting  methylene  blue  into  the  vein  V,  and  noting 
how  long  the  blue  takes  to  reach  the  venous  end  of  the  capillary  tube. 


Iriciiiatoohiimcter.  A  caiimila 
aliai'ci)  M  ahowii  in  Intnutiicvd 
into  tlic  lilixKl-veMel.  The  •«- 
cill:itiiins  of  thi!  increuiyiiieuinci 
are  phutuKraplied. 


CHAl'TEU  XL. 
THK  WORK  OF  THE  HKAHT.      THK  PKRR  AKDIUM.       " 

The  Work  of  the  Heart.— To  estimate  the  work  of  the  heart  in  tin- 
artificial  schema  the  mean  pressure  H,  ai.d  velocity  in  the  aorta  V,  and 
the  volume  of  the  systolic  output  Q,  must  be  obtained. 

..     MV., 
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M  =  the  mass  of  the  outimt  in  gnimmes  =  t^  nmltipluHl  hy  the 
sitccific  univity  of  the  blood. 

Close  tho  clip  on  the  arteriole  tube  aiul  sU.rt  the  pump.  Note  the 
mean  pressure  H  iiulicated  by  the  manometer  M. 

To  obtain  V  inject  int..  the  artery,  at  1  metre  from  the  capillary 
tube  1  c.c.  of  sat.  sol.  methylene  blue.  A  side  tube  is  provided 
for  the  purpose  of  making  this  injection.  Note  with  a  stop-watch, 
or  by  an  electric  signal  and  drum,  the  time  betw.-en  the  nijection 
and   th.-   appearance  of  the   blue  at   the  begi.ming   of  the   capdlary 

tube.  . 

Havin-'  obtained  V,  the  output  can  be  reckoned  if  the  sectional  area 
(„)  of  the  aorta  be  obtaine.l  and  the  time  (0  of  a  cardiac  cycle. 
Measure  the  diameter  of  the  artery.  Half  this  and  obtain  the 
radius.  , 

((  =  TTI-.  * 

Count  the  number  of  pulses  per  minute,  and  by  dividing  the  number 
found  by  (JO  obtain /.     Then  (^  =  (((7. 

Now  calculate  the  work  of  the  pump  from  the  data  obtained.  Hie 
work  spent  in  maintaining  velocity  is  almost  negligible  in  comparison 
with  that  spent  in  overcoming  resistance. 

In  man  the  output  may  be  taken  as  110  c.c.  the  average  aortic 
pressure  as  l-'O  mm.  Hg,  the  velocity  of  flow  in  the  aorta  as  320  mm. 
per  see.     Mercury  \-\-^>  times  heavier  than  blood. 

lU)x:V20 
•Jxy81  ' 


W  =  110x  1-2  X  13-.^  + 


The  right  heart  is  considered  as  doing  one-third  of  the  work  of  the  left 

The  total  work  of  the  human  heart  is  estimated  to  be  about  24,000 
kilogramme-metres  per  day.  or  1000  kg.m.  per  hour.  This  e.,uals 
■M-G  kilo-calories  (4i>.-)  kg.m.  =  1  kilo-calorie). 

In  the  dog  the  output  can  be  obtained  by  estimating  the  amount  ot 
oxvgen  taken  up  by  the  blood  from  the  inspired  air  in  one  minute 
This  can  be  obtained  bv  Fiedericqs'  or  Zuntz's  methoil  (see  p.  Ui). 
At  the  same  time  samples  of  arterial  and  venous  blood  are  obtained, 
and  the  oxygen  diflerence  between  the  two  samples  estimated  by  the 
blood  mimp  or  Haldane's  ferricyanide  n.etho.1  (see  p.  398).  The  number 
of  heart  beats  per  minute  is  also  counted.  Suppose  100  c.c.  of  oxygen 
are  taken  up  per  minute,  the  arterial  blood  contains  .5  c.c.  per  cent, 
more  oKV-eii  than  the  venous  bloo<l,  and  the  heart  beats  80  times  per 
minute  '  Then,  as  every  100  c.c.  of  blood  carries  away  5  c.c.  0.^  2000 


■)r=V* 
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c.c.  of  blood  muit  have  paarad  through  the  heart  in  the  minute.    Thus 
the  output 

80 
The  output  in  mammals  is  reckoned  to  be  about  -OOri  «f  the  IkxIj- 

weiglit  per  sec. 

Stawart's  Method  of  Determining  Oatpnt  of  Heart.— In  the  anaesthet- 
ised dog,  a  cannula  is  introduced  through  the  jugular  vein  into 
sup.  ven.  cava,  and  connected  with  a  burette  containing  15  jht 
cent.  NaCl.  A  short  cannula  provided  with  a  rubber  tul>e  and  clip 
is  introduced  into  one  femoral  artery  A.  The  other  femoral,  B,  i« 
exposed,  placed  on  electrodes  with  sheet  indiarubber  beneath.  The 
electrodes  are  connected  with  a  VVheaUtono  bridge  arraiigoment, 
through  which  weak  induction  shocks  are  passe*!  from  cod.  A  telephone 
is  introduced  in  the  bridge  and  the  latter  is  balanced. 

A  sample  of  blood  is  drawn  from  A  and  defibrinateil.  A  nieasured 
(luantity  of  the  salt  solution  is  then  run  into  the  vena  cava  superior 
for  10",  the  time  being  noted  by  a  stop-watch;  the  pulse  is  countc.1 
at  the  same  time.  As  soon  as  the  salt  .solution  reaches  B  the  resistance 
alters  and  the  telephone  sounds. 

The  time  at  which  this  occurs  after  the  injection  gives  the  jugular  to 
femoral  circulation  time.  While  the  telephone  is  sounding  a  8anii>le  is 
drawn  from  A.  The  specific  resistance  of  the  two  samples  is  deter- 
mined by  the  telephone  Wheatsone  bridge  method  (see  Lehfeldfs 
Physical  Cheminlnj,  p.  62).  The  samples  are  placed  in  small  U-tubes 
immersed  in  running  water,  and  provided  with  platinum  electrodes. 
The  quantity  of  15  per  cent,  salt  solution  is  measured,  which  must  be 
added  to  the  first  sample  to  make  its  resisUnce  equal  to  the  second 
sample.  This  determination  gives  us  the  means  of  estimating  the 
extent  to  which  the  injected  solution  has  been  mixed  with  blood  in 
the  heart,  and  therefore,  knowing  the  quantity  of  solution  run  in, 
we  can  calculate  the  output  in  the  given  time.  Lastly,  from  the  pulse 
rate,  we  can  calculate  the  output  per  second. 

Stewart  finds  the  output  to  be    0015   to    003  of  body   weight 

per  sec.  .         . 

The  Influence  of  the  Pericardium  in  Preventing  Over-distension  of 
the  Heart.— A  cannula  is  placed  in  the  superior  vena  cava  of  a  dead 
cat,  and  the  inferior  vena  cava  and  pulmonary  artery  are  ligatured. 

Fluid  is  run  into  the  superior  vena  cava  from  a  burette  from  a  height 
of  about  100  mm.  The  amount  of  fl"id  which  enters  the  heart  is 
estimated.  After  removing  the  pericaitiium,  twice  as  nmch  fluid  will 
enter  the  right  heart  under  the  same  pressure,  and  the  heart  will 

2  c 
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become  over-ilistcnded  (BarnanJ).  The  pericanlium  preveiiU  over 
distension  of  the  right  heart  when  the  abdomen  is  compressed,  or  when 
the  body  is  in  the  vertical  head-down  position. 


CHAPTFR  XLI. 

PLKTHYSMCKiRAPHS. 

Plethysmograplu  and  Oncogr»ph«.— The  circulaiion  through  tho 
various  organs  is  investigate*!  by  placing  them  in  an  air-tight  liox.  Th«' 
box  is  connected  with  a  piston  recorder  or  tamlM)iir.  The  shape 
of  the  l>ox,  which  may  Iw  mouldetl  of  guttapercha,  is  made  to  fit 
the  organ  investigatetl.  In  the  cbhu  of  the  spleen,  for  example,  a 
shallow  oblong  box  is  made,  with  a  depression  at  one  side  to  permit 
the  j)a88age  of  the  splenic  vessels.  The  spleen  is  placed  within  it 
and  the  depression  is  packed  with  cotton-wool  and  vaseline.  A 
vaselined  glass  lid  is  then  fastenetl  on  by  rubber  lands.  A  side  tulw? 
leads  from  the  1k)x  to  the  recording  tanibo\jr.  Similar  l»oxes  are 
made  for  the  left  lobe  of  the  liver,  a  lobe  of  the  lung,  a  loop  of 
intestine,  etc. 


Kiii.  254.— Diagram  of  an  oncoinetor  and  pt«toii  recorder.    The  rubber  bond*  (aatan 
the  kUm  lid  in  ix>nttion. 

Oncometery  of  the  Kidney.— A  cannula  is  piitoed  in  the  external 
jugular  vein  of  an  animal  anaesthetised  with  chloroform  and  ether. 
Tracheotomy  is  performed  and  the  animal  curarised.  Artificial  respira- 
tion is  established  and  the  air  is  blown  through  the  anae.->  tic  Iwttle. 
The  carotid  artery  is  exposed  and  connected  with  a  mercurial  mano- 
meter. The  kidney  is  exposed  by  a  lumbar  incision  without  opening 
the  jMjritoneum  if  possible.  The  kidney  is  separated  from  the  peri- 
nephritic  fat  and  placed  in  the  oncometer  oil.  The  oncometer  is  then 
connected  with  the  oncograph. 

To  investigate  the  How  of  urine  a  fine  catheter  is  tied  into  the 
ureter,  or  else  a  tube  is  tied  into  the  bladder  and  the  neck  of  the 
bladder  closed  by  a  ligature.  The  flow  of  urine  c.in  be  Pleasured 
in  a  measure  glass  or  recorded  by  allowing  the  drops  to  fall  from 
the  collecting  tube  on  to  an  aluminium  disc  attached  to  a  lever.     The 
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lover  nin  Ik;  niwle  to  hreak  a  ciniiit  in  which  an  t'lwtric  xignnl  in  Kot. 
The  signal  write«  <»n  the  kymograph.  Thus  the  urterinl  preHsure.  the 
renal  volume,  arul  the  secretion  of  urine  are  nimultaneounly  reeonle<l. 


Fi'i.  ».',5. -Arterial  preMiiro  (I)  and  oncoiinter  tr«ilinr(J)of  kidney  volunif.  Il«- 
twe«n  the  piinU  «tarred  the  lOtb  donij  root  wii»  e«fltcU.  The  time  ii  marked  In 
Hecundi.    (Bradford.) 

So  long  as  the  venous  outflow  is  constant  any  increase  in  renal 
volume  will  denote  inc.  eased  Itlootl-pressure  in  and  increu8e<l  l>loo«l- 
rtow  through  the  kidney.  The  secretion  of  urine  vaiies  as  the 
volume  of  lilood  passing  through  the  kidney  yter  minute.  (liy 
dividing  the  renal  nerves  and  e.\citing  the  spinal  cord  or  vaso- 
motor centre  the  gieatest  rate  of  blocnl-flt.w  through  the  kidney  can 
he  protluced.)  Ligature  of  the  renal  vein  stops  the  secretion  of 
urine.  After  a  temporary  obstruction  albuminous  urine  is  secreted. 
Half  a  grain  of  citrate  of  cafi'eine  injected  intravenously  will  produce  a 
fall  of  arterial  pressure  and  a  preliminary  contraction  of  the  kidney, 
followed  by  great  expansifm  and  increaseil  flow  of  urine. 

Plethysmography  of  the  Arm.— The  arm  is  place<1  in  the  glass 
plethysmograph,  which  is  made  to  fit  closely  to  the  upi^r  part  of  the 
forearm.  The  junction  is  made  air-tight  by  means  of  a  ruliber  collar 
or  bandage  and  vaseline.  The  plethysmograph  is  connected  with  a 
recording  tambour,  a  j_-pieee  being  interiM>sed.  liecord  the  volume 
curve  on  a  moderately  fast  drum.  The  tracing  shows  pulse  waves  and 
respiratory  oaeillations. 

Note  the  eft"ect  of  a  deep  inspiratory  and  a  forced  expiratory  cfl"ort. 
The  effects  are  produced  by  the  emptying  and  congestion  of  the  veins 
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respectively.  If  the  plethynmograph  be  connected  with  the  supply 
tube  t<t  a  small  giis  jet  the  pulse  is  communicatwl  t«»  the  flame  and  may 
be  photographed  on  a  moving  sensitiscHl  plutc.  The  plato  is  run  on  a 
traveller  Iwhind  the  slit  in  the  dark  room  The  curves  thus  recorded 
are  similar  to  the  velocity  curves  obtained  with  Chauveau's  haemo- 
dromograph,  for  the  change  of  volume  in  the  limb,  if  the  venous 
outflow  bo  cimstant,  follows  the  velocity  of  the  arterial  inflow. 


t 

1 

i. 

i 

1 

Fro.  2&tl.— I.imb  plethyamograph. 

A  Method  of  Exposing  the  Spinal  Boots  for  the  purpose  of  Excita- 
tion as  in  investications  of  Vaso-viscero-  and  Pilo-motor  Nerves. — 

An  incision  three  inches  Img  is  made  over  the  spine.  The  mu.scles 
(erector  spinae)  are  rapidly  divided  on  either  side  of  the  spinous 
processes  and  pulled  aside.  The  haemorrhage  is  then  arrested  by 
pressure  with  wool  pads  or  artery  forceps.  The  transverse  processes 
and  ribs  are  thus  clearly  exposed.  The  spinous  processes  and  neural 
arches  are  next  removetl  with  the  bone  forceps  and  the  spinal  coitl 
enclosed  in  the  dura  mater  exjwsed.  Pads  of  cotton-wool  are  now 
packed  into  the  wound  and  left  until  all  haemorrhage  is  arrested.  The 
dura  mater  is  then  opened  and  the  posterior  roots  are  gently  lifted  up, 
ligatured  in  two  places,  and  divided  between  the  ligature.  The 
ligatured  ends  are  then  ready  for  excitation.  The  ariterior  roots  are 
ligatured  and  divided  close  to  the  cord.  After  division  of  the  posterior 
root,  the  entire  nerve  may  be  excited  outside  the  dura  mater  in  order 
to  demonstrate  the  efferent  effects.     The  presence  of  efferent  vaso- 
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(Ulator  fibrw  t<»  the  Hmlw  have  Insen  recently  (lemiiiwtnitcd  Jiy  ItiiyliM 
ill  the  posterior  roiitM.  Kxcit4itioii,  mechanical  c»r  electrical,  nf  the 
ftth-7th  lumbar  and  Ut  sacral  |K«teriur  nxtts  cuu«e«  jinilonj^e*!  viwcular 
ililaUtion  of  the  hi..il  limlm  ufler  a  latent  jHrioil  of  2-8  hcc. 

CHAITKK  XIJI. 


i^ 


THK  CHKMISTRY  OK  RFXl'IRATIOX. 

Ezpnimtnta  to  Demoutnt*  that  the  Blood  0mm  aro  Chomieally 
Oombinod  in  the  Blood.    Ten  c.c.  of  <lofi»>riiiutwl  ox  I.I.hxI  urc  pliicol 
in  a  Htoiit  flask  fitte<l  with  a  ruWwr  cork.     A  IuIm'  \mm\i\h  thK^i^h 
the  cork  is  connecte<l  with  a 
(Jeryk  air-pump.     The  flank 
JM  immer8e<l   in  broken  ice. 
On  making  a  vacuum  there 
occurs  no  perceptible  evolu- 
tion of  gas  until  the  flask  in 
removed  to  a  bath  of  warm 
water.     The  blootl  then  miuI 
denly  bubbles  and  froths  and 
the   gases   come   off".     Note 
the  change  of  colour  in  the 
blow!    when    this    happens. 
If  the  thin  film  on  the  side 
of    the    flask    be   examine<l 
with  the  spectroscope,  it  will 
give    the   band   of    reduced 
haemoglobin.  Further  proofs 
of  the  chemical  combination 
of  Oj  are  these :  O.,  can  l>e 
displaced  by  an  equal  volume 
of  CO  ;  Oj  in  laked  WwkI  is 
displaced  by  fcrricyanide  of 

potassium  with  the  reduction  of  the  latter  to  ferrocyaiiide,  and 
formation  of  raethaemoglobin. 

The  co-efficient  of  absorption  of  bloo<;  for  oxygen  is  a  little  less  than 
water,  i.e.  1  vol.  absorbs  02616  at  SO*  C.  when  expostnl  to  an  atmo- 
sphere of  oxygen.  Less  than  J  vol.  O^  (an  therefore  l>e  simply  ab8or>>ed 
by  the  blond  at  body  temperature.  '•"■.«  amount  of  oxygen  in  serum 
is  only  026  per  cent. ;  1  grm.  of  pure  crystalline  haemoglobin  absorbs 
1-25  c.c.  Oj  (Haldane).     There  is  about  14  per  cent,  of  haemoglobin  in 


Km.  -JST.— Oeryk  air-pump.    The  pUton  U  covered  with 
oil  knd  opens  a  apring  valve  during  its  aacent. 
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the  blood  :  1-25  x  14  =  l»<-5  Oj  per  cent.  This  agrees  with  the  volume 
of  Ojj  that  can  be  extracted  with  the  gas-pump.  The  co-etticient  of 
alworption  of  blood,  neutralised  by  tartaric  acid,  and  exposetl  at  ImkIv 
temperature  to  an  atmosphere  of  VO.,,  is  alK)ut  1.  The  tension  of  CO^ 
in  the  tissues  is  only  about  5  per  cent,  of  an  atmosphere.     One  vol.  of 


v^_vy 


Fi<^.  '238.— Ferricyanide  method  of  estimating  the  amount  of  O.  in  blood.  20 
c.c.  of  blood  saturated  with  Oj-l-SO  c.c.  of  1/500  ammonia  (ohition  are  placed 
in  the  bottle  C.  4  c.c.  of  sat.  hoI.  potassium  ferricyanide  in  the  tube  A.  After 
mixing  the  gauge  is  brought  back  to  its  previous  level  by  adding  cold  water  to 
A,  and  then  the  volume  of  0.j  is  read  in  the  burette. 

blood  could  at  this  tension  take  up  by  simple  absortion  only  ^j^  of  the 
above,  i.e.  5  vols,  per  cent.  The  CO^  must  therefore  be  chemically 
combined.  On  breathing  an  atmosphere  of  C0„  the  blood  may  Uike 
up  150  vols,  per  cent,  owing  to  the  high  co-etticient  of  absorption  (100 
vols,  absorbed  and  50  vols,  combined). 

From  blood  the  whole  of  the  CO.^  is  set  free  in  the  gas  pump,  but  in 
the  case  of  serum  part  of  the  CO^  is  fixetl  and  is  only  set  free  after  the 
addition  of  an  acid.  The  red  corpuscles  apparently  play  the  part  of  an 
acid.  About  one-third  of  the  COg  is  carried  by  the  corpuscles,  the  rest 
by  the  serum.  Serum  contains  a  larger  quantity  of  CO.,  than  an  equal 
quantity  of  blood.  According  to  Bunge  1000  grms.  of  dogs'  serum 
contains  4-341  grms.  sodium,  of  which  3'463  is  sufficient  to  saturate 
the  chloride.  The  remainder,  0878  grms.,  can  combine  with  -623 
grms.  CO.,  to  form  sodium  carbonat*,  and  in  addition  with  an  equal 


ADVANCED  DEMONSTRATIONS 


309 


,,imntity  to  fomi  sodium  hi.  »K)Miite.  1-J4fi  grnis.  €0.^  =  6.12  c.c.  at 
(»,  ami  760  mm.  =  63  vols,  pt-r  cent.  Tho  Imiscs  of  tho  W.kxI  are 
shared  among  the  acids— proteids,  chlorine,  phosphoric  acid,  and 
carbonic  acid,  acconling  to  the  influeiue  of  the  mass.  No  aci.l  in 
solution  is  combined  with  the  Inwcs  present  in  that  solution  to  the 
complete  exclusion  of  other  acids  also  present  in  the  solution.  Th.' 
acids  share  the  bases  according  to  their  avidity.  The  intnxluction  of 
any  salt,  acid,  or  Iwse  into  the  solution  upsets  the  condition  of  e.iuili- 
brium,  and  a  new  distribution  of  the  acids  and  liases  <K;eiu-s.  In  the 
tissues  the  mass  influence  of  CO.,  is  considerable, 
while  in  the  lungs  it  is  slight.     The  kind  of  change 

which    may    occur   when    the   blood  passes  through 

the  tissues  is  indicated  by  the  following  wiuation ; 

Na,  HPO,  +  CO,H.,0  =  NaHCOg  +  NaH.,  PO,.       The 

intravenous  injection  of  acid  in  rabbits  rapidly  lessens 

the  carrying  power  of  the  blood  for  CO.^.      In  car- 

nivora  the  injected  acid  is  to  a  considerable  extent 

neutralised  by  the  salts  of  ammonia— the  precursors 

of  urea. 
Fredericd'B  Aerotonometer.— Dkmonstkation    of 

Method.     The  wide   tube  is  filled    with  a  known 

mixture  of   gases,  say  N84  and  0.,16.     It    is    sur- 
rounded with  a  water  jacket  through  which  water 

at    body    temperature    is    circulatetl.      The    narrow 

tube   is   connected    with  a  caniuda  in    the    carotid 

artery,  and   the   wide   tube  with  the   jugular  vein. 

The  blood  is  allowed   to  flow  up  the   narrow  tube 

and  down  the  wide  tube,  where  it  is  exposed  in  a 

thin  film  to  the  atmosphere.     The  bkxxl  is  prevented 

from  clotting  by  a  previous  injection  of  leach  extract. 

After  the  blood  has  circulateti  a  sufficient  time  to 

allow  equilibrium  between  the  tension  of  the  gases 

in  the  bloo<i  and  in  the  wide  tube,  the  circulation    ^^  ^^  -^.^„Hcq•. 

is    stopped,   and    the    contents    of    the    wide   tube    "'Xi^'roionometer. 

analysed.      If    U   vols,   per    cent,   of    O.,   are    now 

found  in  place  of  16,  the  tension  of  O^  in  the  bl.w«l  is  taken  as  U 

per  cent,  of  an  atmosphere.     The  alveolar  air  is  collected  by  means 

of  a  bywav  caiuuda  introduced  into  a  bmnchial  tube  (Pftugers  lung 

catheter)   '  One  of   the  tubes  terminates  in  a  rubber  bag,  which  is 

exmnde<l    so   as   to   block   the    bronchial    tube.     Through  the  other 

tul)e   the   air   in   the  lobe  is   withdrawn  for  analysis.     The  analysis 

may  >«  carried  out  bv  Haldane's  gas  analysis  apparatus.     Fredencq 
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determined  the  tensions  of  CO^  and  Oj  to  }>e  as  follows  in  per  cent, 
atmosphere : 


CO, 


TiiKueii.     Veoiiini  blmxl.  Alveolar  air.  External  air. 


5-9  >  .-JKl-^^  >   2-8  > 

Arterial  lilijud. 


OO.'l 


O2  0  <  14  <  18  <  20-94 
Bohr,  on  the  other  hand,  with  another  form  of  aerotonometer,  found 
that  the  tension  of  0^  in  the  blood  is  higher  than  in  the  bronchiiU  air, 
and  that  the  tension  of  CO^  may  be  higher  in  the  bronchial  air  th.m 
in  the  blood.     Haldane  confirms  Bohr  as  regards  0.^. 

The  exchange  of  gases,  if  these  observ-ations  are  correct,  must  be  due 
to  secretory  activity  of  the  lungs  or  more  probably  of  the  blood.  In 
the  swim-bladder  of  the  fishes  taken  from  great  depths  (4000  feet) 
gas  has  been  found  containing  about  90  per  cent,  of  oxygen.  T':,; 
oxygen  in  the  bladder  at  this  depth  must  be  at  a  pressure  of  over 
100  atmospheres,  while  in  the  sea  water  the  partial  pressure  of  O,  is 
only  about  0-2  atmosphere.  The  swim-bladder  and  the  pulmon'ary 
epithelium  are  both  developed  from  the  alimentary  canal. 


■I! 


CHAPTER  XLIII. 
THE  EFFECTS  OF  CHANGES  IN  ATMOSPHERIC  PRESSURE. 

Decreased  Atmospheric  Pressure.— A  mouse  and  a  frog  are  placed 
under  the  bell  glass  of  the  air  pump.  A  side  tube  is  connected  with 
a  mercury  manometer.  The  latter  must  be  long  enough  to  indicate 
the  pressure  of  the  atmosphere.  On  lowering  the  pressure  }-J  of  the 
atmospheric  pressure  the  mouse  is  asphyxiated,  while  the  frog  is  un- 
affected. The  effect  of  lessening  the  atmospheric  pressure  depends  entirely 
on  the  partial  pressure  of  oxygen.  The  normal  pressure  of  Oj  is  2094 
per  cent,  of  an  atmosphere.  At  10  per  cent,  of  an  atmosphere  there 
anses  restlessness  and  dyspnoea,  and  at  about  7  per  cent.,  death  A 
partial  pressure  of  0^  =  7  per  cent,  of  an  atmosphere  corresponds  to  an 
altitude  of  30,000  feet.  Death  from  want  of  oxygen  is  common  in  foul 
wells,  mines,  etc.,  where  '  choke-damp '  collects. 

Increased  Atmospheric  Pressure.— A  curarised  frog,  with  the  brain 
pithed,  is  placed  in  the  high-pressure  chamber,  the  web  of  one  foot  is 
spread  out  on  a  wire  ring  beneath  one  of  the  glass  observation  discs. 
The  apparatus  is  screwed  up  and  connected  with  an  oxygen  cylinder 
The  circulation  in  the  web  is  obser%'ed  with  a  microscope  using  an  incn 
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objective.  The  pressure  is  increased  to  20-50  atniospheros.  Tlif  cir- 
culation continues  unaffected,  for  the  pressure  is  e<)ually  triuisniittwl 
throughout  the  fluids  of  the  Ixxly.  After  ten  minutes  the  ehaniln'r  is 
decompressed.  Emboli,  formed  of  gas  bubbles,  s<M>n  appear  in  the 
capillaries,  and  the  circulation  ceases.  Such  gas  emlK)li  are  the  caiise 
of  the  symptoms  (paralysis,  etc.)  ol>served  in  caisson  workei-s  and  divers. 


Fui.  260.— Keceiver  UMd  with  Geryk 

f>amp  in  demonatnttni;  the  influence  of 
owering  the  atmoepheric  preaeure  on 
animal*.  The  apparatus  may  alio  he 
uiied  as  a  drying  chamber. 


Fio.  261.— Hill's  apparatus  for  studyini;  effectn  of  in- 
creased atmospheric  pressure.  Thiclc  glasa  discs,  provided 
with  leather  washen,  close  the  ends  of  the  chamber. 


The  workers  are  aflTected  on  or  after  decompression.  Four  atmo- 
spheres is  the  limit  of  safety.  Every  10  metres  in  depth  of  water 
roughly  equals  one  atmosphere.  Re-compression  and  slow  decom- 
pression is  the  rational  cure  for  the  symptoms  when  they  appear. 
Compressed  oxygen  is  also  per  se  a  poison.  It  lowers  metalwlism, 
diminishing  the  output  of  COj  and  the  body  temperature.  This  can  be 
observed  in  mice  placed  in  a  high-pressure  chamber.  The  oxygen  is 
allowed  to  leak  from  the  chamber  through  the  Haldane-Pembrey  absorp- 
tion tubes.     A  mouse  is  affected  vrith  dyspncea  in  10  atmospheres  of 


Oj,  and  soon  dies. 


In  50  atmospheres  it  is  instantly  killed. 
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RESPIRATION  IN  THE  TISSUES. 

Oell-respiration. — The  processes  of  oxidation  go  on  in  the  tissue 
cells,  not  in  the  hloo<l  which  hathes  them.  To  prove  this,  Pfluger 
devisetl  the  follov:..g  experimetit : 

A  large  frcg  is  taken  and  decerebrated.  The  anterior  abdominal 
vein  is  exposed,  and  a  cannula  introtluced  into  either  end.  Kinger's 
solution  is  injected  towards  the  heart  and  the  blood  washed  out  and 
the  vascular  system  filled  with  the  solution.  The  vein  is  then  ligatured. 
The  animal  can  he  put  in  a  measure  glass  containing  0^  over  mercury. 
After  twenty-four  hours  the  animal  is  withdrawn  and  the  CO^  absorbed 
by  potash  and  measured.  The  animal  under  these  conditions  continues 
for  twenty-four  hours  to  put  out  a  normal  amount  of  CO^. 

If  a  saline  solution,  saturated  with  Ehrlich's  methylene  blue,  be 
injected  intravenously  or  subcutanoously  into  a  living  animal  the 
blue  is  deoxygenated  and  renderetl  colourless.  After  the  death  of 
the  animal  the  dying  tissues  become  blue  on  exposure  to  air. 

Other  evidences  of  cell-respiration  are  these:  (1)  Plant-cells,  egg- 
cells,  and  the  lower  animals,  which  have  no  blood,  die  in  the  absence 
of  oxygen.  In  insects  the  finest  branches  of  the  tracheae  run  to  the 
single  cells  of  the  tissues;  (2)  In  t"e  glow  organ  of  Lampyris 
Splendidula  there  are  certain  cells  grouped  on  the  ends  of  the  tracheae, 
which  are  stained  black  with  osmic  acid.  These  cells  contain,  there- 
fore, a  substance  with  a  strong  affinity  for  oxygen.  The  glow  organ 
can  be  sliced  and  the  slices  examined  microscopically.  The  points  of 
light  seem  to  begin  in  the  cells  at  the  ends  of  the  tracheae,  and  the 
light  goes  out  when  oxygen  is  withdrawn  (Max  Schultze) ;  (3)  The 
saliva  contains  04  per  cent.  O^.  The  presence  of  O.^  in  saliva  can  be 
demonstrated  by  adding  it  to  a  solution  of  reduced  haemoglobin,  and 
observing  the  appearance  of  the  oxyhaemoglobin  bands;  (4)  The 
reducing  substances  found  in  the  blood  of  an  asphyxiated  animal  are  in 
the  blood-cells.  They  do  not  occur  in  the  plasma  or  lymph.  Owing 
to  the  reducing  substances  in  the  blood-cells  oxygen  disappears  from 
shed  blood,  and  the  inside  of  a  blood  clot  becomes  black  in  colour. 
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CHAPTER  XI.V. 
DETERMINATION  OF  THE  GAfSES  OF  THE  BLOOD. 

A  Method  of  Determining  the  Oo  and  CO^  in  Small  Quantities  of 
Blood  (Barcroft  and  Haldane). — The  apptiratus  con8i8t«  oi  a  sniiill 
glass  vessel  attached  hy  pressure  tubing  of  small  \ttnv  to  a  pri'ssuic 
gauge  also  of  small  bore.     The  vessel  is  so  arranged  that  the  O^,  of  the 


FiQ.  Stt-iA.— Barcroft-Haldane  bluodgas 
apparatus. 


Pill.  2i>.2b. — Bloud-gas  veuel. 


blood  sample  can  be  libera«^ed  within  it  by  ferricyanide,  and  the 
increase  of  pressure  measured  by  means  of  a  gauge.  From  the  increase 
of  pressure  the  vol.  of  O^  can  be  calculated.  By  similar  manipulations 
with  the  use  of  tartaric  acid  the  CO^  is  subsequently  liberate<l  and 
measured.  The  apparatus  is  shown  in  Fig.  262a.  One  gauge  A  is  eon- 
necteti  with  the  blood-gas  vessel,  and  the  other  B  with  a  precisely 
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similar  control  vessel.  The  gauges  are  gra<limte(l  in  both  liml)8  in 
millimetres  to  a  height  of  aljout  300  mm. 

The  limbs  of  each  gauge  are  connected  by  wide  nibber  tubing  which 
can  be  compresswl  by  a  screw  clamp  so  as  to  adjust  the  levels.  The 
gauges  are  filled  with  water,  tinged  with  methylene  blue.  One  limb 
of  each  gauge  is  i)rovide<l  with  a  three-way  Uip  close  to  the  top. 
The  lil(jod-gas  vessel  and  the  control  vessel  are  of  similar  form, 
and  each  has  a  capacity  of  alK)Ut  20  c.c.  The  glass  stopper  of  each  is 
perforate  i  by  a  glass  tube  of  narrow  Itore  which  widens  below  into  a 
pocket  capable  of  holding  3  c.c.  The  pocket  is  so  arranged  that  any 
liquid  containe<l  in  it  can  easily  be  emptied  by  tilting  the  vessel. 

The  two  vessels  are  coiniecte<l  with  the  top  ends  of  the  two  gauges 
by  equal  lengths  of  pressure  tubing  of  narrow  bore.  This  tubing  is 
r.ade  as  short  as  possible.  The  control  vessel  has  a  few  drops  of  water 
in  it. 

Before  the  sample  of  blood  is  collected,  ir,  c.c.  of  ammonia  solution 
(ammonia  sp.  gr.  0-88,  5  c.c.  in  iuOO  c.c.  water)  is  measured  with  a 
pipette  into  the  blood-gas  vessel,  and  -25  c.c.  of  saturated  solution  of 
potassium  ferricyanide  is  placed  in  the  glass  pocket. 

The  sample  of  blood  1  c.c.  is  collected  in  a  hypodermic  syringe  from 
the  bl(K)d  vessel;  -10  c.c.  of  ammonium  oxalate  is  first  drawn  into  the 
syringe.     In  the  syringe  there  is  a  glass  bead,  by  means  of  which  the 
oxalate   solution  and   blood  can  be  mixed.     The  blood   is  then  dis- 
charged into  the  blood-gas  vessel  beneath  the  ammonia  solution  which 
prevents  all  contact  with  air.     The  blood-gas  vessel  is  then  closed  and 
placed  in  the  water  bath  beside  the   control   vessel.     The   water  is 
stirretl  by  blowing  through  it,  and  the  gauges  are  watched  until  the 
pressure,  i.e.  the  temperature,  in  each  vessel  becomes  the  same.     The 
gauges  are  now  adjusted  at  zero  by  opening  the  taps  for  a  moment. 
The  blood-gas  vessel  is  then  taken  out,  and  the  ammonia  solution  and 
blood  mixed.      When   the   blood   is   quite  laked,   and  the   solution 
transparent,  the  vessel  is  tilted  so  as  to  empty  out  the  ferricyanide, 
and  then  shaken  to  liberate  all  the  oxygen.     During  these  manipula- 
tions the  blood-gas  vessel  is  held  in  a  cloth  to  prevent  warming.     It  is 
now  replaced  in  the  water  bath,  and  the  water  is  stirred.     When  the 
temperature  has  again  become  even,  the  gauges  are  adjusted  so  that 
the  levels  in  the  limbs  connected  with  the  bottles  are  at  zero.     The 
heights  on  the  limbs  are  read  oif,  and  if,  as  is  usual,  the  temperature 
has  risen,  so  that  the  level  is  higher  than  before  in  the  open  limb  of  the 
control  vessel  gauge,  the  reading  of  this  gauge  is  deducted  from  the 
njading  of  the  other  gauge.     The  temperature  of  the  w.ater  hath  is 
now  read.      The  normal  barometric  pressure  equals  10,300  mm.  H.O. 
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The  volume  of  gas  given  oft"  ecjiialH  the  vohime  of  air  in  the  hhxxl  gan 
tube  and  connections  multiplied  by  the  corrected  reading  of  the  gauge 
in  millimetres  and  divided  by  10,.'U)<). 

For  example,  supposing  the  reading  of  the  gauge  =  KM);  the  total 
capivcity  of  the  blcMnl-gas  vessel  and  connections  to  the  zero  of  the 
gauge  =  23-35  e.c. ;  and  the  capacity  minus  the  vohuue  of  li<|uid  within 
it  = -'3-35  -  "i-TS  c.c.  =  •_'0-6  c.c. ;  then  the  volume  of  oxygen  given  oft" 

=  20-6  X        ,        =  -JO  c.c.     If    the  temperature   were    14°,    then    the 

volume  of  gas  at  standard  pressure  (760)  and  tempeniture  (0°  v.)  would 

be  -20  X  j'^  =  -19  c.c.  =  19  c.c.  jier  100  vols,  bhunl. 


The  vapour  tension  of  the  ammonia  u»e«l  gives  an  error  of  aliout  S  mm.  Thin 
can  be  Uetermineil  by  ii  blank  expei  ent  omitting  the  ferrioyaniile.  The 
capacity  of  the  blood  veiwel  is  agcertaine  -y  weighing  it  empty  un<l  full  of  water. 
The  capacity  of  the  connecting  tubing  is  determined  by  adjusting  the  gauge  to 
zero,  an«l  then  raising  the  pressure  to  a  certain  definite  amount,  first  with  the 
vessel  connected,  and  afterwanU  with  a  stopper  inserted  into  the  end  of  the 
rubber  tube  in  place  of  the  glass  tube  of  the  vessel.  The  capacity  of  the  vessel 
and  connecting  tube  will  be  to  that  of  the  connecting  tul)e  as  the  first  reduction 
in  volume  in  the  right-hand  limb  of  the  gauge  is  to  the  second. 

The  stopjjer  of  the  blood-gas  vessel  is  now  removed,  ami  -2.')  c.c.  of 
20  per  cent,  tartaric  acid  solution  placed  in  the  pocket,  the  stoppr 
replaced  and  the  gauge  adju.sted  to  zero  in  the  same  way  as  before. 
The  acid  is  then  spilt,  and  the  l»ottle  shaken  till  all  the  CO.^  is  set  free. 
The  gauge  is  again  read  oft"  and  the  volume  of  CO.j  calculated  as  in  the 
case  of  oxygen. 

As  the  co-etficient  of  absorption  of  the  blood  mixture  for  CO.^  is 
found  to  be  1  at  the  temperature  of  ob.servation,  the  volume  of  gas  must 
in  this  case  be  calculateti  from  the  capacity  of  the  blood-gas  vessel 
without  subtracting  the  volume  of  the  contained  li(juid. 

A  slight  correction  is  neces-sjiry  for  the  COj  in  the  liiiuids  used.  This 
may  be  determined  by  doing  a  blank  experiment,  mixing  boiled  distilled 
water  with  the  ferrieyanide  and  ammonia  .s(jlution. 

Example  of  results  obtaitietl  by  this  meth(Kl : 

Dkfibrinatkd  Bu)od.— Thrkk  Samim.ks. 
O..  CO.J. 

185  52-4 

18-5  52-7 

18S  51-2 
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CHAPTER  Xl.VI. 

CARBON    MONOXIDE    I"OISONING. 
OXVOKN   IN   BLOOD. 


TENSION   OF 


Meaaurement  of  the  Besidnal  Air.— The  .spirometer  is  filled  with 

hydrogen  generated  in  a  Kipps  apparatus      Make  the  deepest  p<mhle 

e-xpiration,  and  then  put  the  mouthpiece  in  position,  open  the  clip  on 

the   tuhe  which   connects  the  mouthpiece  with   the  spirometer,  and 

».reathe  in  and  out  of  the  spirometer  two  or  three  times,  so  that  the  gas  in 

the  lungs  and  in  the  spirometer  reaches  the  sjinie  uniform  eomjx.sition. 

Clip  the  tul)e,  and  drive  a  sample  of  the  gas  in  the  spirometer  over  into 

the    Haldane   gjw   analysis  apparatus.     Measure   the   volume   of  the 

sample  a.id  the  amount  of  O,  and  CO..  it  contains.     Suppose  the  spin)- 

meter  originally  contiiined  4000  c.c.  H,  and  after  the  experiment  it  was 

found  to  contain  1000  c.c.  of  the  lung-gases,  i.e.  O,  a.id  CO.,,  then  in 

the  spirometer  there  must  l>e  :J000  c.c.  H  and  1000  c.e.  O, "and  CO 

and  in  the  lungs  there  nn.st  he  1000  c.c.  H  and  the  same  proportion 

of  0„  and  CO,,  viz.  250  c.c.     The  residual  air  is  therefore  1250  c.c. 

Carbon  Monoxide  Poisoning.— BKkkI  retains  in  simple  solution  (0-5 

per  cent,  volumes  Oo  when  ex- 
po.sed  to  air),  2  6  per  cent,  when 
exiK)8e<l  to  an  atmosphere  of  pure 
oxygen,  5-2  per  cent,  when  ex- 
posecl  to  two  atmospheres  of  pure 
oxygen.  6-S  per  cent,  volumes 
of  O.,  are  used  up  in  the  circula- 

K'^t^l^r/^.T^'^'illJ/Sro^;^^^^^  'fP?'"^  *"  ^^^'^  atmospheres  of 

drivcH  at  n  mcajiircd  rate  a  stream  .if  CO  into  the     ''•>    "as    nearly    this   amount   dis- 

air    current    which    i),ui«o8  through  the  mouse-         1        i    •        .  , 

ch.imborB;  C,  metre;  D,  filter  pump  aspirator.        SOived  in  the  plasma.      A   moU.Se 

just  poisone<l  with  coal  gas  which 
contains  CO  recovers  on  being  placed  in  iwo  atmospheres  of  O  in 
the  pr.  nn.  apparatus  (Fig.  261).  CO  poisoning  is  caused  by  waiit 
ot  oxy^,  The  CO  com))ines  with  the  haem(.globin.     Otherwise  it 

IS,  phy.siologically,  an  iiiditterent  gas. 

Determination  of  the  Tension  of  Oxygen  in  the  Blood  (Haldanes 
Method).  -The  maximum  amount  of  CO  capible  of  being  ab.sorbed  by 
the  blo,„l  from  air  containing  a  given  small  percentage  of  CO  depends 
upon  the  relative  affinities  of  oxygen  and  CO  for  Hb,  and  the  relative 
teii.von  of  the  two  gases  in  the  arterial  blooil. 

A   mouse   is   placed   in   a   tettle   through   which  a  current  of  air 
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cntitaiiiiiig  a  known  percentage  of  carJMHiic  oxide  (ulMtut  IMi  jht 
cent.)  is  aspirated  at  a  rate  of  a>H>vit  r)  to  I  litre  jht  minute. 
The  animal  is  ai!owe<l  to  hreathe  th«'  mixture  of  giuwa  till  the  haenu»- 
glohin  of  its  hlootl  is  wjturatwl  with  CO  to  the  maximum  for  the 
jtereentnge  of  gas  present.  The  Inrttle  is  then  disconneetwl  and  rapidly 
])lunge<l  under  water,  so  that  the  animal  is  drowned. 

Normal  blo<xl  when  sufficiently  tliluted  gives  a  yellow,  and  carlndiic 
oxide  1»1o<k1  a  pink  'olour.     If  hUnnl  he  dilnttnl  KM)  times,  and  a  jnirtioii 
of  it  l>e  saturaU'd  with  CO,  it  require.-*  somewhat  more  than  an  etpml 
volume  of  standanl  carmine  solution  '  to  Wring  the  unsatunited  jKirtion  to 
the  same  tint  and  intensity  of  colour  as  the  saturated  |s>rtion.     The  exact 
relation  of  the  carminesolution  to  thehlocsi. solution  is  determined  l»y  trial. 
Narrow  test  tubes,  A,  B,  C,  similar  to  (tower's  haemoglohinometer 
tubes  arc  employed.     '2  c.c.  of  water  is  measured  from  a  narrow  burette 
into  A.     •()•_'  c.c.  of  bl(KMl  is  obtained  by  ojH'ning  the  heart  of  the  mousi> 
immediately  after  its  death.     The  bl«MMl  is  measureil  in  the  pijK'tte  of 
Gower's  haemoglobinometer  and  mixed  with  water  in  A.     A  similarly 
diluted  .solution  of  normal  mouse's  l)hMi<l  is  well  shaken  with  coal  gas 
in  a  test  tulw.     This  is  then  placed  in  B,  which  is  tilled  full  and  corked. 
It  is  then  detennined  how  much  carmine  must  Im'  a(Kled  to  a  third 
sample  C  of  normal  dilute<l  bl<KKl  (1)  U)  make  it  equal  in  tint  to  A, 
(•2)  to  B.     The  carmine  is  added  from  a  narrow  burette  -1  c.c.  at  a 
time.     Suppose  •')  c.c.  carmine  must  Ik?  adde<l  to  C  to  make  its  tint 
equal   A,  and    2-2  c.c.  to   produce  equality  of   tint  with   B,  then  A 

is  .j'^r  X  ^,  X  100  =  38%  saturated. 

The  calculation  of  the  oxygen  tension  is  made  by  finding  the 
percentage  of  CO  in  air  to  which  the  actually  observed  siitur.ition 
of  the  blood  corresponds,^  dividing  209  by  this,  and  multiplying  by 
the  actual  pereentage  of  CO  in  the  air  breathed. 

^  Stork  So/ulioii. —Oue  grm.  of  pure  carmine  is  mixed  in  a  mortar  with  a  few 
drops  of  ammonia,  and  dissolved  in  100  c.c.  of  glycerin.  Staiulartl  Soliilioii.— 
.">  C.C.  of  the  stock  solution  is  added  to  500  c.c.  of  water.  This  must  Iw  prepared 
fresh.  The  amount  reciuired  to  render  normal  diluted  blootl  eiiual  to  the  sample 
of  diluted  olood  saturated  with  CO  must  1)6  found  at  each  determination,  for  tlie 
carmine  tint  varies  slightly  with  daylight. 

''  See  the  curve  of  dissociation  of  COHh  in  air  which  has  been  constructed  by 
Haldane  and  L.  Smith,  Journal  of  Phyxiology,  xxii.,  p.  233.  The  following  are 
some  of  the  data  from  which  the  curve  was  constructed : 


-hloo<l  1  %  solution 

%C0. 

Ten  1  p. 

%  Saturation  of  Hb  with  CO 

was  shaken  with 

•195 

37°  U. 

74-6 

air  containing 

•125 

64  3 

•086 

54-8 

•069 

48-5 

•OS- 

.36-4 

'  II 

w 

\\   1 

'  I     * 
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iov  fxamplf,  8uppo«,  the  hl.KKl  wag  found  to  be  46  saturated 
(corresponding  to  -mV  CO  i„  air),  an.l  the  ,u.t.ml  pefv.uUxg*,  of  CO 
breath«l   was  -OH,   then  the  oxygen  U'twion  of  the  hlo«,l  would  Jhj 

-0-9  x.^:  =  27-9.     As  the  alveolar  air  contains  aJwut  6%  of  aqueoa* 
vap«)ur  this  result  has  to  be  reduced  to  l'6-2. 

In  man  the  determination  can  Ihj  made  by  sulwtituting  a  mouthpiece 
and  inspiratory  ami  expiraKiry  valves  in  place  of  the  l^.ttle  B  (Fig  -eS) 
The  hnger  is  pricko.1  and  a  sample  of  hUn^l  obtaine<l,  from  which  the 
to  .letemunation  is  m.«le.  Haldano  fimls  the  oxygen  tension  in 
human  blmK.  u.  be  higher  than  in  the  atmosphere.  Lowering  the 
ho<ly  temperature  or  pneumonia  alnjlishes  the  O.,  absorptive  power  of  the 
Imigs,  whde  dmiinishing  the  amount  of  O.,  in  the  air  breathetl  excit«s  it 


CHAPTER  XLVII. 
oxy(;kn  capacity  and  mass  of  the  blood. 

Total  Oxygen  Oajwcity  and  Mass  of  the  Blood  in  Man  (Haldane's 
Method).- A  known  volume  of  C0»  is  atlmirnstered  until  completely 
af>8orl)ed.  Then,  by  the  carmine  method,  the  percentage  to  which  the 
Hb  has  become  saturated  with  CO  i^  determined.  We  thus  estimate 
the  volume  of  CO  (or  0.)  capable  of  l,eing  taken  up  by  the  whole  of 
the  blood.  Also,  we  determine  at  the  same  time  the  volume  of  CO 
(or  O,)  capable  of  being  taken  up  by  100  grms.  of  blood.  We  can 
then  knowing  the  total  vol.ime  taken  up,  calculate  the  total  mass  of 
blood  in  the  bo<ly. 

The  subject  breathes  through  a  mouthpiece  into  a  rubber  bag 
1-2  litres  m  capacity.  Between  the  bag  and  mouthpiece  there  is 
interposed  a  cylinder  made  of  tinned  iron,  and  filled  with  soda  lime  to 
aKsorb  the  expired  CO..  The  cylinder  is  made  of  two  tins  which 
slide  over  one  another,  the  junction  being  made  air-tight  with  wax. 
The  soda  lime  is  kept  in  position  by  a  piece  of  wire  gauze  at  either 
end  of  the  cylinder.  Oxygen  is  supplied  to  the  hag  from  an  oxygen 
bottle.  The  gas  is  bulibled  through  a  test  tube  containing  a  little 
water  to  roughly  gauge  the  rate  of  supply. 

A  measure  Iwttle  filled  with  CO  is  arranged  as  in  Fig.  264  and 
connected  with  the  bag.     The  temperature  and  barometer  are  noted. 

*r«  ensure  correctnew  the  CO  :..  the  cylinder  should  be  analy«sd,  for  it 
always  contams  a  trace  of  air. 
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Tilt"  «iil»j«'ct  ihi'fi  iK-girw  to  l)iTatho  fniin  the  Imijj,  nxyp'ii  U-iiig 
r<upplii><!  ax  i-t><|iiirf<l.  The  rL'<|iiiit'<i  voliinu'  of  CO  (iilHiiit  l.'iO  to 
l')0  CO.)  is  driven  into  the  \tu^  M)  <■.(■.  every  two  niinutei*.  After  the 
lii.tt  of  the  CO  huK  lM*eii  wuHhe*i  into  the  Img  the  Huhjeet  continiieM  to 
hreathe  in  uiitl  out  of  it  for  uImxiI  if.  A  xuniple  of  hin  KIimhI  is  then 
taken. 


Fi)i.  '_*t>4. — Haldaiij'n  appamtUB  for  detcrminliiK  O3  tension  in  human  blotMl.  K.  T.  C, 
pparatiii  (or  dulivcrlnK  CO  at  moiuiiiretl  rate ;  M,  moiitlipluce ;  V,  valvoa  made  of  plei-m 
I  intestine  ;  U,  air-bag  for  controllint;  prensiire  during  expiration  ;  G,  metro. 


The  vohime  of  drj*  CO,  rwluced  to  0°  and  760  mm.,  is  then  calcu- 
lated. From  this  volume  an«l  the  percentage  saturation  of  the  KKmhI 
the  volume  of  CO  or  of  Oj  capable  of  being  taken  up  hy  the  whole 
lilood  is  calculated. 

Example:  Supposing  the  vol.  of  CO  taken  up  is  l.")0  c.c,  and  the 

saturation  of  the  blocxl  sjimplc  with  CO  equals  -5%,  then  the  CO  (or 

100 
o.vygen)  capacity  of  the  total  blofnl  is  l.')0  x  -,>  -600  c.c. 

From  the  total  and  percentage  O.,  capacities  of  the  blood  the  total 

volume  is  calculated. 

KM) 
Supposing  the  percentage  O^  capacity  is  20,  then  600  x  -^  -  3000  c.c. 

To  obtain  the  mass  x  by  l-Oo  (the  specific  gravity  of  blood)  =  .1165  gmis. 
The  average  weight  of  blootl  in  man  *^'afc  found  to  be  ^f^y^  of  the  body 

weight.     In  a  fat  man  it  was  g^. 

In  chlorosis,  the  total  amount  of  haemoglobin  in  the  body  is  not 

2d 
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•locrmHt^l.  I,iit  th.'  hl.MMl  JH  riior..  wat..ir      I.    . 

.H,^.w  .„„„, .,  „,., ,  ,;;:i;:,:r:i;z;:r 

i<H.m  ..f  KMX)  ful.iV  fm  m  ,h. I     .  "Pl«"-'tiix.      II..'  air  u.  u 

tho  r.H.n..  the-  wors,.  in  the  ;,.ntilati.,„.  ^"^ 


CHAI'TKK  Xf.VIII. 
PRODUCTION  AND  LOSS  OK  HK.XT. 

Methods  of  Inv-tigating  the  Seats   of   Heat  Production     Th 

tfni|M.ratiirf  of  the  or-'aiis  (•{  tJ...  )>,-!,.  i  ■"«»»»ctioii.— The 

Th.'  th.'rm.,nu't..rs  ar.'  ina.l..  with  1„mk  sl..,„ie,.  J.ull.s      O,,..  ; 
up  the  fen..,ral  artery  int.>  the  hlo.Hl  strean.  ..f      '       ,.        '  .    ,tT" 

.eaehed  the  sanu' level  as  th  ■  aortl   th    TTT'    '      ''''    '''''''   ""^ 

The    .liva    is    f.,..n.l    to  t     ^Xt    'h    LtT^^^^^^ 

•^lo.).!  (Hill  un<l  Iiavli..\     Th      •    ' ,      P  , '-^    "o*^"^   than    the   aortic 

-  h::'  wt,"  l  .1  ;i::;;i''"t!;.'  1;:7  """•  •-  - 


on 
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(.1)  One  tht-nnoiiH-tcr  in  iiw.Tt.d  iit  the  jniK'tioii  ,,f  tin-  NtilK'liiviaii 
and  jii>{>ilai  v.-in^  and  itUHlu'd  down  into  tin-  vcini  cava  Mif.rior.  TImh 
tln-rni(»ini't»T  will  r.-jjiMtrr  a  t.-ni|MTatuii'  Niijihtly  higher  than  that  in 
the  aorta.  On  th<-  ((.ntrarv,  the  IiI.nnI  in  tin-  .Huixiticiai  s.-ins.  for 
I'xuinplc.  ill  thi'  ffinoial  \fin.  is  ((Milcr  than  thf  arttrial  MimnI. 


.M  K 


I 


»e  - 


l< 


II 


Km.  :irl5,i.— riieniiii- 
muter  fur  ilcteriniiiiiii; 
tiinperature  of  lilmnl. 


-  M 
-  r 


i 


Fill.  2il'm.  -Thermo- 
electric needle. 


Flo.  2il.«-._Tlicrmo- 
electric  catheter. 


Mosso  H.s.s(>it.-.  that  the  lirain  is  an  active  seat  of  heat-prodiiction.  Ft 
i.s  (|uestioiiable  whether  he  inea.surt'd  the  true  aortic  teniiM-ratiire.  His 
results  ctth  he  attrihuted  to  the  var_\-ing  amount  of  hl<M>d  which 
circulated  through  the  hraiii  during  the  experiments.  The  estimations 
of  the  exchange  of  JiUxkI  ga.ses  in  the  hrain  made  by  Hill  and  Nalwrro 
do  not  favour  Mossos  conclusions.  The  muscles  are  the  only  organs 
in  which  the  pnxli:'  tion  of  heat  has  been  eerUinly  demonstriited  by 
themiometric  methi>  Thermo-electric  junctions  are  mmlc  bv  .solder 

mg  •     ■  ends  of  an  mu  a  (Jenuau-silver  wire  together.     An  alloy 


I 
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«o.de..  en.  expos:!  tl^  oT^f  ^1:7  '^T]^  ''' 
then  be  passed  up  the  femoral  arterv  inti  2.  S  ?  ^^^^^^  *^" 
electric  junction  is  buried  in  the  si:!*':;"?,/  "^^  *''^"""- 
gation.     The  two  junctions  are  putt  c^u"    .1  Tf "  ""'f '■ 

resistance  galvanometer.    The  need  "  o  X  I  '^'  '"'"""'  '°^' 

with  a  nnrror      The   in«tr,r  T  u         ««'™n«nieter  is  provided 

iiuiror.     ine   instrument   can  be   ca  ibmtw?   K,r    v,i     • 

below      Tl,.,  f."^** .  ^''^"'Ped   above  and   fastened    to   reeorrling  levers 

enclosed    by    a    cylinder    of    f^lf    .    '*PP"™*"«-      The    muscles    are 

measured  on  the   scale      At  tl  !•        f        *''*'  galvanometer 

muscle  can  be  mea™,.     Unt  T m^  f^'^^  T,'  '""^  ''^'  ''^ 
quarter  of  the  eneri^v  nf  tJ,  .  favourable   conditions,  a 

as  heat.  ^"^      ''"'^  """^''^  '^PP^^''^  "«  ^"'"'^  «"'•  three-quart;rs 

The  Loss  of  Heat  in  Man  ^WaUar'a  m.«i.>j\     «-  ,     . 
-rface  the^ometer  ^ie^nTt"  "a^ft^i'^^^^^^^^^^ 
vanous  parts,  ....  the  upper  arm,  thigh,  facraMomen      Th      f  "' 
temperature  of  these  oartV  i«  «1««  ,i^.       •     j       aoaomen.     The  deep 

constant /t  is  11  ••>  for  n,a.„«,„i    /u-i       7    '^-^Vf.     1  he  value  of  the 

.ppw.  .o .  „«.,  „,  ..„™ ..,,  .„,,  ,z4  H™ « :rr«:' 

'Axilla,  groin,  mouth,  rectum. 
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CHAPTER  XLIX. 


SWEAT. 

Sweating.— Rabbits  and  rats  are  siiid  not  to  sweat  at  all ;  the  c{»t 
sweats  on  the  hairless  pads  of  the  feet ;  the  horse  sweats,  like  man, 
on  all  parts  of  his  skin. 

Sweat  Nenres.— Demonstkation.  A  cat  is  anaesthetised  with  ether 
and  chloroform.  The  sciatic  nerve  is  exposed  and  divided.  On 
exciting  the  peripheral  end  beads  of  sweat  appear  on  the  pjids  of  the 
feet.  The  same  result  is  obtained  after  occlusion  of  the  aorta  or 
femoral  artery,  or  even  in  an  animal  which  has  l)een  just  killed. 

The  sudorific  fibres  for  the  hind-limb  issue  by  the  white  rami  of  the 
last  two  thoracic  and  first  three  or  four  lumbar  nerves.  Their  cell 
stations  are  in  the  sixth  and  seventh  lumliar  and  first  and  second 
sacral  ganglia  of  the  sympathetic  chain.  The  fil)res  leave  by  the  grey 
rami  of  these  ganglia,  and  enter  the  corresponding  anterior  roots  and 
so  the  sciatic  nerve. 

Sudorific  fibres  supply  the  fore-limb  from  the  fourth  to  the  ninth 
thoracic  nerves.  The  cell  station  of  these  fibres  is  the  stellate 
ganglion.  The  grey  rami  of  this  ganglion  reach  the  brachial  plexus 
and  so  the  median  and  ulnar  nerves. 

Sudorific  fibres  for  the  face  leave  the  conl  by  the  second,  thini  and 
fourth  anterior  roots,  and  run  up  the  cervical  sympathetic  nerve  to  the 
cavernous  plexus,  thence  to  the  infra-orbital  branch  of  the  fifth  nerve. 
After  the  intni-venous  injection  of  3  mgmis.  of  atropine  sulphate  the 
excitation  of  the  sciatic  is  ineffective. 

Subsecjuent  injection  of  10  mgrms.  of  pilocarpine  will  cause  sweating, 
while  the  sciatic  nerve  still  remains  inexcitable.  The  atropine  paralyses 
the  secretory  nerve  endings,  while  the  gland  cells  are  directly  excited 
by  the  pilocarpine.  If  the  foot  of  a  cat  is  enclosed  in  a  glass 
plethysmograph  and  the  junction  is  made  tight  by  means  of  a  rubl)er 
collar  so  that  the  pressure  in  the  plethysmograph  can  be  raised  above 
the  arterial  pressure  sweating  will  still  take  place  on  excitation  of 
the  sciatic  nerve.  Sweating  can  be  provoked  in  the  cat's  feet  hy 
asphyxia  or  by  warming  the  blood,  an<l  even  after  the  cord  has  been 
divided  in  the  lower  thoracic  region.  In  man  sweating  does  not  occur 
below  the  level  of  the  lesion  after  section  of  the  spinal  conl,  not  even 
after  the  injection  of  pilocarpine.  The  love!  of  the  lesion  may  be 
determined  by  this  method. 
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piece  „Lt,i:,.;h^l/I,rr  ^P"^.^-'".'-  "»>^"-^  f-,  this 
vokes  sweatii  ^"''^"taneous  mject.on  of  pilocarpine  pro- 

Oii  a  warn)  day  one  hand  is  held  for  10'  in  water  at  45'  f       a  ., 
other  n.  water  at  20'  C.     Exercise  is  then  taTen      Th\     T  u1 
was  in  the  warm  water  will  not  sweat  fo    some  time      Th     1    "'" 
sw.t  apparatus  is  depressed  h,  either  exc™    c^l .  omLT™'"' 

Measurement  of  Outaaeous  Excretion  (Barratfs  Meth«^       A    > 

entrance  tuhe  Ues  X^^^^^^^^^^^^^  -^'-     ^he 

acid.     Air   is   .lr.wn  through  tt    p'f^^^T 
a  meter  is   interposed.     A  rate  of  ^Tr    '  ''"■  ^""P  ^'"^ 

After  a  half  hour  the  increase  of  vfeiKhtrA^''  ""'T  'I  ""'"•'"^• 
The  increase  in  A  gives  the  amount  of  waef      i        ^^ 'f  ^«*«™'-';  " 
of  CO,  excreted.    The  excretion  of  water7sdi,  /  *'^«  ™"'t  of 

skin  with  20  per  cent,  carl^lie  acid  and    .:^,        .  J^^'^  ''' 
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elementary  course  of  phv.iolo^i  ^  ■  °^  ^^^'""  «*  t»»e 
will  find  the  nece«i7  ieSr  ^"""7'  ^'"''''  *''"  •'"<^»' 
portiou..  Part.  11.^5  IV  will  a.'  """u.  *°  "'•'  ""•'"''"" 
~pidly  find  the  elementary  P^rtTonof^  ""t  '"  ^'^  •*"''*"'*  »° 
working.  '  P^"""*  "'  *•"  "Object  at  which  he  is 
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PHYSIOLOGICAL  CHEMISTRY  (Advanced). 


CHAPTER  I. 


CARBOHYDRATES. 

Caiemical  BelatioMhipg.— Although  the  'hexoses'  are  the  sugars 
of  greatest  physiological  iuterest,  it  must  be  remenjl)ered  that 
•  pentoses '  (wood  sugars)  do  occur  iu  the  animal  organism.  They  ha\  e 
l»een  separated  from  a  nucleo-proteid  obtiiiued  from  the  pancreas  by 
Hammarsten,  and  from  yeast  by  Kossel.  They  difter  from  the  hexoses 
in  that  they  do  not  ferment  with  yeast.  When  given  by  the  mouth 
they  are  excreted  un<  hanged  by  the  urine,  indicating  that  they  are  not 
assimilated  by  the  organism. 

The  Chemical  Constitution  of  Sugars  has  recently  been  determined 
by  Emil  Fischer,  chiefly  by  studying  the  compounds  formed  with 
phenyl-hydrazine. 

Place  0-1  gr.  of  dextrose  in  a  test-tulie,  dissolve  in  water,  and  add  01 
gr.  phenyl-hydrazine  hydrochloride  and  02  gr.  80<iium  acetate 
crystals,  warm  gently  till  everything  is  dissolved,  and  then  place  for 
half  an  hour  ii.  a  boiling  water  bath.  Allow  Ui  cool  gradually,  when  a 
yellow  precipitate  of  osazone  will  separate  otit.  Examine  this  under 
the  microscope,  and  notice  that  the  precipitate  is  composed  of  needle- 
shaped  crystals  arranged  in  rosettes  or  sheaves  (Fig.  266). 

The  chemical  reaction  takes  place  in  two  stagea. 

Firstly,  the  '0'  of  the  -CHO  group  of  the  sugar  reacts  with  the  '  H..'  of  the 
'NH,'  group  of  the  phenyl-hydrazine  to  fonn  HjO,  the  sugar  an.l  phenyl- 
hydrazine  conibiuing  to  form  Hydrazom. 

CH.OHiCHOIDj  CHOH  - CH 0~ HjN  - NHiC,H,). 

Sugar,  Phenyl  hydrauHt. 

2E 
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Seoomlly    another  molecule  of   phenylhy.lra/ine    reacU  on  the  l,i»t  THOII ' 

NH  *'ro„      thr   '*™'''''  ''"P*''""*'  """''■  '■■'""  ■'  ""•'  **"♦■"  '"»i"K  <••«•  //..'f  .t« 

CH,()H(CHOH),  C  HOH     C  -  H 

\  \N-NH(C«H,) 

-H.N  NH(C,H,,) 
The  liberated  •//'  «.«..«  ,„  ,plit  „p  n.ore  phenylhy.lrazine  into  aniline  and 
an.monm.  If  now  an  o«^„ne  Ik.  hydroly.^d  l.y  treating  with  fuming  HCI  it 
l>reak«  up.  phenyl-hydrazine  being  ^t  free,  .n.l  a  .H«ly  called  »„  ow  ^-Hulting 
n„,  latter  han  the  forn.nla  CH.OH  -  (CHOHl,  CO  C'OH  fron,  which  it  in  J„ 
that  It  contain.  lx,th  an  al.lehyde  and  a  ketone  gr..up.  The  former  of  the«e  grou.m 
can  be  converte,!  mto  the  CH.OH  group  of  „,gar  by  treating  with  a  reducing 

CH,OH  -  (CHOH),    CO  -  COH  +  H,  =  CH,OH     (CHOH),    C« .  -  CH.(OH ) 

winch  is  the  formula  for  laevulose  (a  ketose). 

The  aldoses  can  thus  be  changed  into  the  ketoses.  and  if  the  aldose  ohtaine.l  l.v 
condensation  of  HCHO  (fonnaldehyde)  Ik-  used  as  the  starting-point  an  interesting 

The  various  sugars  have  also  W-vu  artificiallv  prepiml  hy  caref,il 
oxKlatiou  of  the  correspou.liug  alcohols  au<l  l.v  mluetion  of  the 
correspouding  acids.  There  are  three  hexatomic  alcohols  ,iittorin« 
from  oue  another  in  their  constitutional  formulae.  Fiom  each  of  these 
a  .hfferent  aldo.se  or  ketose  can  Ik-  pr.xhice<l  l.v  ..xi.lation,  and  these 
latter  can  l.e  further  oxi.lise«J  to  form  three  different  mono-Usic  acids 
<>■•  further  still,  to  form  three  di-lwsic  acids,  thus  : 


Alcohol. 


Sorbite. 
Manuite. 
I )ulcite. 


Alilone, 

Dextrose. 
Mannose. 
Oalactose. 


Ketone . 


Laevuloso 


M  oiio-lmmr^ 
(irid*. 

Gluconic. 
Mannonic. 
'  ialactonic. 


(tciils. 

Saccharic. 

Maiiosaccharic. 

Mucic. 


The  constitutional  fonnala  for  aldose  is : 

H    H    H    H    H    H 

OH  OH  OH  OH  OHO 

It  is  seen  from  this  formula  that  there  are  four  V.  aton.s  on  to  which  fo.w 

dtferent  groups   or   substitutes   are    attached.     These   are,    th.^refnre, 

'  Monobasic  acids  have  fornmla  CH.jOH  -  (CHOH)^  -  COOH 

-Dibasic      „  „  COOH -(CHOH), -COOH.  " 


in 
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TZe':""        "-'"«— ^.  -^l  «tin  the  e.npiric«l  formula  remain 

This   varial.le  arrangement   of   the  sulwtitutes  causes   these  sheht 
dmerenees  u.  the  chemieal  l.haviour  of  the  IkxIv.     It  al  o  maui  est 

Ss  aTI-  '•'  '""'"'""^  •"  '''  «^--''-»ea'  l.ha W    f  th 

.::^:  ;fTLS:.ii;hr  ""^^ ''  '--^'''^  ^'^^  ••-->•  ^-  -  ^^ 

Will  be  ;.otiej\h^tt:'«^TH; ':h3''i^^^ 

varie.  according  to  the  reUtive  p<^  t2«  oTth«  t!^  "*^  "*'  combinatio,. 

the  ray  of  light  and  the  «poice,  the  ie/a.:  g  th  S  Jt  t.ibXr'o*^ 
passing  through  the  tourmaline  plate,  however  thlnl.  :'^"'^'-  On 
vibrating  in  one  plane  onl,,  nhi/h  w;„ld To  ^^  „d  il^  ou."  '"^  '  "' 
two  opposite  BDokes      Th»  li„k*      u-  u      ,        "'^'**P""1>   »"    our    example,   to 

however,   it   can   be   detectpH     fn..  ;►        ii  '^"u™w"ne  pUte   m    its  course. 

correspo;dstotheaxis  of   hefirsrplate     Vr^  "T"'   *'"■  ""'"^   "  ''"   «'« 
and  the  second platetheWvJrVhemech  V  i!  "*'  "*""''''  ^''^  ^'"■""- 

of  the  first  comb  thntrin7wni?„        '  •  1 '"  "'*  *"'"*  ''•'■'"''■°»  "  "'°«« 

angles  the  string  wSl    Z!  to    v^     .  T^'-  ^"*  "  '"'^  *"  P''''-^''  -^^  "S^t 

illLratestheprlnioTtLL^^^^^^  Polarisation  of  light  by   tourmaL 

...ore  convenient  to  „L  1^1                \  ?  "'"•  '»»*-•"'"«"*  itself  it  is  foun.l 

Nieoi's  pris:;:i  sts  of  /crC:;  iiz'''''  T'l "' "  '""^'  ^'•'-•-  ^ 

of  splitting  light  into  two  rr  ;  1*  u    P"-     *^"'''  "  "y***'  '>'«  the  power 

.HagonallineaSrtw^s'^^^^^^^^^  "  the  crystal  be  cut  across  along  a 

ordLry  ray   w  e    it  mLsttX.'^'Tf  '^  ""'"^  °'  ^'""''»''  »-••*-.  ^^e 
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.lirection  ;  but.  of  courw.  pUne  polari«.,l.     To  detect  the  |K.Uri«.tio„  ,  .hnil.rly 
oonttnictcil  prwni,  or  analywr,  iini»t  Us  u«e<l. 

CerUiii  other  bodie.,  e.;,.  «  ,,u»rt*  plate,  a  Kolutioii  of  .,,gar  or  allmn.in.  have  the 
|«wer  of  rotali,.,  the  /Jane  of  polnrUd  li.jh,.  Th«..  .upp<»ing  thai  the  plane 
polan.e.1  light  vibrate*  along  a  vertical  plane,  one  of  the  iHMlie*  may  twint  it  into 
an  oblique  plane.  If  the  an«ly«er  be  ao  placed  that  none  of  the  plane  p„l»ri«d 
Ight  can  P.M  through  it  (,...  the  fiel.l  I.  black),  and  if  a  piece  of  ,,uartz  Ik-  inserted 
between  the  polariaer  and  analywr,  it  will  be  found  that  now  a  certain  amount  of 
light  paMes  through  the  analy«er  {i.e.  the  field  become.  opa«,ue).  and,  it.  order  to 
obtain  darkne««  again.  It  is  neceuary  to  rotate  the  analyter  Id  the  direction  of  the 
hand,  of  a  watch,  a.  «Kjn  by  the  obwsrver.  Coi,.«i«ently.  rotation  .a.  Uken  place 
to  the  right,  i.f.  <lextro  rotation  »  mid  to  have  occurred.  If  a  «>Iutlon  of  albumin  or 
laevulo.e  be  employed  the  rotation  of  the  analy.er  mu.t  be  to  the  left,  i.^  agalniit 
the  hand,  of  the  watch.  When  the  plane  of  white  light  paa<K!.  through  the  quart/ 
plate,  however,  the  ^ario^«  colour,  of  the  .pectrum  are  roUte.1  to  a  different 
degree,  to  that,  in.teatt  of  having  a  mere  opacity  (aa  I.  the  case  with  int«rmetllat<. 
position,  of  two  •  tounnaline '  plate.)  different  colour,  are  obtained  acconling  to  the 
amount  of  rotation.  There  are  alw  wmplei.  of  quartz  which  rotate  the  plane  of 
light  to  the  left. 

Dextroae  and  »  (juartz  plate  pro,luce  the  ume  amount  of  rotation,  and  there- 
fore  It  u  poMible  to  determine  the  rotatory  power  of  a  solution  of  the  former  by 
compeiiMting  iU  rotation  by  mean,  of  a  cjuartz  plate  of  known  rotatory  power. 

We  are  now  in  a  position  to  under8tan<l  the  construction  of  a 
polarimeter  or  sacchwimeter.     It  consists  of  the  following  parts : 

(1)  A  Nicol's  prism,  called  the  jHdamer.  This  polarises  light  in  a 
vertical  plane. 

(2)  A  liiquartz,  or  other  device  for  rotating,  in  oppf)8ite  directions,  the 
two  halves  of  a  polarised  U&m.  A  hiqimrtz  consists  of  a  disc  of 
quartz  mafle  of  two  semicircular  halves  of  e(|ual  thickness,  hut  of 
opposite  rotatory  powers.  Each  half  is  of  such  a  thickness  that 
It  rotates  the  plane  polarised  light  U)  90*  in  opposite  directions 
so  that,  on  emerging  from  the  disc  the  plane  of  light  is  now 
honzontal.  Inatend  of  a  l)i,,uartz  many  instruments  contain  a  semi- 
circular plate  of  quartz. 

(3)  A  tubular  Uquid  holder  to  hold  10  c.c.  of  the  liquid  to  lie 
examined.  If  the  length  of  this  tube  }^  188-6  mm.  the  amount  of 
rotation  m  angular  degrees  will  correspond  to  percentage  of  dextrose  in 
the  fluid  {e.<i.  urine)  examined. 

(4)  A  Compensator.— This  shows  how  much  lotation  has  Iweii 
prmhiced  by  the  solution.  It  is  connected  with  a  scale  representing 
angular  degrees,  and  the  pointer  carries  a  vernier,  so  that  tenths  of  a 
degree  can  U  read  off.  In  some  instances  the  compensator  eoT^sists  of 
two  wedge-shaped  pieces  of  quartz,  so  arranged  on  one  aiK.ther  that  the 
total  thickness  of  ,,uartz  interposed  in  the  path  of  the  polarised  beam 
can  be  varied  by  means  of  a  screw.     In  other  instruments  the  quartz 
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plates  an.  di8p..„He<l  uith.  the  a.n.u.nt  of  rotation   lH,i„ir 
rotutiii^r  th«  next  jwrt  of  the  in«tr»„».„t.  i.ainelv  the 


niuasiir«.<l  l»y 


■  ".inter;   ^, '(•on,,..n«Tr„.;/K\«i;;'t ^i' 1",'"  =    ''   "" 


.l«ri^-r.    /»,  |«,l«ri^T  and  dcvi.  u 
■Hie  with  vcnilii-  e  ntt«iliwi  ti. 

fieR    ^°*^''  '"  "'  '"  *''*'^'"  "'"■^•"•""ty  "f  tmt  in  the  two  hal>  es  of 
(6)  A  Lens. 


»li  "■■  r"'>     '"««•■»'"  "'  «^«Ic  ami  field  of  vi«i„„  „f  ,K,l»ri,..„. 

the  dlMKra,,,  the  readiiiK  i-  -"7  dextn.  n.tHti..,,  rhVl„i!'  '  •■""'";'"  r«I'^--'i'ted  in 
the  three  aiii««r»iiees  „f  the  field  ..f  the  .«.Uri  „  ■  er  tZ  ^'^'^,"'  ""-'  ^i-tfrain  «h,.-v. 
ai.iH.-amiKe  at  wro,  i.e.  when  there  is  n,.  n.tati/.ii  """ '^  represenfii,^  thf 

When  the  tul.  (.)  is  fille<l  with  .vater  or  an  optieallv  inactive  fl.n.l 
and    the   compensator   or  aj.alvscr   rouie.1    until    -t    vinl«f       i  r 

not «,,  ,h.  c.m,r  „,„»,  ,„  „„«,  „  „„„.  „„  „p,,^„|,_.  J;'  ™;  Of 
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placwl  in  the  tuln!  the  two  halvt-H  of  the  fieUi  will  I 

tint*,  i.f.  n>tation  <if  the  plane  of  polarim'.l  light  ....„  .,......„.    ...  ,„,„., 

to  measure  the  aiiioiint  of  thi^  r.itation.  we  iiiiiHt  move  the  wiew  or 
pointer  ciiiiiected  with  the  eomjiensator  or  analyser  until  the  uniform 
tint  is  again  ol.tiiined.  The  amount  of  'comiH-nsjition '  iieeessary  is 
read  oH"  on  the  scale  and,  if  the  holder  W  not  \H>*H  mm.  long,  the 
necesHary  (alciilation  is  maile  in  order  to  ascertain  the  strength  of  the 
solution  (for  furmuht  see  lielow). 

To  estimate  the  {HjrcenUige  of  sugar  in  urine  the  ehief  prmiutions 
are,  (1)  to  see  that  it  is  /^r/f,tly  ,le,„;  and  (2)  to  see  that  it  contains 
no  proteid. 

In  order  to  obtain  a  sjH-eitic  or  companitive  luunlier  (/.»-.  n  result 
always  ohtuined  under  the  «ime  conditions)  it  is  necessary  to  adopt  a 
standard.  This  consists  of  the  roUition,  in  ilegrees  of  a  cir^-le.  pnMluceil 
by  1  gr.  of  the  sulwtance  dissolved  in  1  c.cm.  of  fluid  and  conUiinetl 
in  a  tube  1  dcm.  long.  This  is  called  the  spfiifu-  rotuhni  jxmer  and  is 
representeil  by  (a)I).'     It  is  determined  by  the  following  formula  : 

(«)I>=  ±    "  ,, 

where  '/  =  the  observe<l  ntUition, 

/=the  length,  in  decimeters,  of  the  tube  in  which  the  solution  is 

placed, 
^<  =  the  weight  in  grammes  of  the  sul.>tanee  (-..ntuined  in  1  c.e. 
solvent. 
The  rotation  pr(j<luce<l  by  a  substance  depci  ds  uijon  its  concentration 
in  a  solution  J  if,  therefore,  the  index  (a)I)  of  any  sultstance  Iw  known, 
and  its  rotation  be  asccrtainc.l,  its  peix-entiigo  P  in  any  Huid  can  Iks 
ascertaine«l  by  the  formula. 

p  _  100<» 

where  .s  =  {u)\). 
For  rapidly  and  accurately  determining  the  percentage  of  sugar  in 
any  fluid  («.;/.  urine)  the  polarimeter     and  especially  that  form  of  it 
in   which  the  scale  reads   percentages  of  sugar  -is  a  very   valuable 
instrument.    It  is  much  used  for  this  p.upose  in  the  continental  clinics. 
The  Specific  Rotatory  Power  of  ceruin  of  the  sugars  is  as  follows  : 
Moiiosiirrfuiiiiiex :  Dextrose  :  +  ,")2<r. 
Galactose  ;  +  h:\° 

I.rfievulos'> :  rotates  a  variable  di.stanee  to  left. 
JJimr,h<m>/>'s.~The  {.  }U  .)f  these  carlwhydrates  changes  when  they 
'  The  '  D  ■  imlicates  that  stxiiuni  light  is  used. 
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are  hydn.lysed.     On  m    nlm^,  «|«o,  the  rntntor-    pow.n    nmv   MwreiM* 
(li  If  rotation)  or  <limini^h  (bi-rot«tion). 

Caitf  Stigur;   +60,r)   -after  hydmlywg  l)«„,...-s  lat-vniMUit..-  v. 

Malto3>' ;   +  1 37*  -  after  hy.li  oly^is  lwc«me«  ia^     hHowh  hi-i .   ation. 

Ijidim;   +52.5". 

PenneaUtion  of  Sufan  with  YeMt.  -Shake  ip  a  1  i«r  „nt. 
M.Mow  of  dextrose,  whiih  has  Uit-n  previouiily  lioile<^  •..  exf..  ^  »ir  ^th 
piece  of  yeant  the  size  of  a  split  pea.  Place  the  ■  a^stent  ,  ...tiw, 
thus  obtained  in  a  So.ithall's  m-eomet.r  (p.  i'H^  go  tuat  it  c  .,»!.  4x 
HIJs  the  v,.rtical  tu>m.  Now  placr  the  lul-  in  the  incuf«»t..r  o-  or  ...ght 
Nv-hen  It  wdl  })e  fo.u.d  that  a  cert.,  i  amount  of  ^  fCOj)  h  .s  eoUe-  t«l 
.It  the  top  of  the  tube.  As  a  control  a  tulw  Hhoul.!  'h.-  f  IImI  wi?h 
wati  r  and  yciist 

Rep,iit  this  experiment  with  similar  solutions  .,f  he  v  ,iis  «uk  .,, 
aiHl  note  that  aft«r  24  hoi.-.n  lactose  and  <anc sugar  h.  ve scarcely  »te 
Kono  any  fermenU.tion.  If  they  W  left  I  -ngcr,  howe% .r .  a  consi.  *«. 
amount  of  gas  will  collect  since  hydro!  sis  is  graduallv  prodnc«i  h^ 
another  ferment  (invert  ferment  m,  the  ^  Mt.  .  ,  ehe  p.  utsol  wineh 
the  alt  oholic  ferment  then  acts. 


CF  VFTKK   11 
(iLVCCKiKN. 

Separation  of  Olycocen  fh>in  ▼«.— A  ml.  .it,  fed  the  y  ...  -w 
evening  witn  a  large  amount  ,.;  .airots.  ^  killed,  and  iu  li  ,r 
.mmediateh  excise*!.  The  liver  ,  ,i«ickly  opped  up  into  small 
portions  a.,  thrown  into  alx)ut  KKK)  c.e.  of  ,ding  acidulated  waUT 
contained  1  .  large  porcelain  hai^,,  >lac,.l<  i  Bunsen  hunier.  The 
boihng  acHlui.ted  water  kills     k-         •  rei|«.     ,d  ^  ^tops  the  formation 


of  dextrose  troni  ^ly(ngen  wh    h  o 
At  the  saup   tin.e  the  water  o'^if 
coagulated.     The  piece«i    i  livet 
ground  'iig  with      n  e  of  the 

transferrc!!     o  tht   '  .si     .tnd  hoil. 
extract,  w-     h  is         ngl;     .p^^Jescen. 
the  filtratt      .vapors    ■\ 
chloric  acii:     uid    th< 
remove  all  i   e  {jn>t*>  ^ 


oes  on  in  an  excised  liver. 

•ogen,  and  the  proteids  are 

ioved  to  a  large  mortar  and 

-t ,  into  a  pulp.    This  is  again 

about  three  minutes.     The 

hcied  through  fine  muslin, 

e.c,    acidified   with    hydro- 

H-ith   Hriicke's  reagent  i    in  order  to 

latine  contained  in  the  extract.     This 


iifJUt     1< 


1  BrUcke's  reagent. 
pr<t«R8ium  iodide  unti. 


\d= 


•ric  iodide  to  a  warm  10  per  cent,  solution  of 
ill  diaaolve.    Cool  and  filter. 
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reagent  shimld  Ihj  ifidtMl,  iiltc  imU'ly  with  hy<lriith!<>tii-  ariil,  until  ii<. 
iii.'^  irex-ipiuito  ia  <  tuiiu'.'  The  .•xtiact  in  tht-n  Hltt-ml,  iuu\  iho 
en  pi»?<-ii>it«UHi    .y  add    i;  f'>  thu  KItratc  uIhiuI  ilouMe  it«  volunii- 


lit 


II: 


>«thvl»it 


fn'wl  of  ethur 


of  a  reducing  sugar.     If  the  I 
l»efore  being  thrown  inb' 
reducing  sugar  will  Imj  fi 
ia,  poal-morU-m,  a  transfm. 

Another  simpler  moth' Hi   . 
Fr&nkel.     It  consists  in  grind 
three  times  its  volume  of 
This  reagent  cuagulatoR  liio  j 


idfuhul.     Th  iltiiig  precipitate  ix  ullow«'d  Ui  m-ttif 

"twl  on  a  f^lt.      j  ijMT  and  uashiMl,  first  <if  all  with  a 
alcohol  hikI       vi>!    wal«T,  th»ii  with  alwolni      ,l<<ih<>l 
pint),  anil  final  i     with  t-rhti      The  pnripitat     ;s  tlu-n 
y  rubbing  it  in  11   uortar.     i  !i     ••st«f«>rglyeog.  .> 

may  Iw  applicni  to  the  fii-»t  w  't-  ry  cxitip 

It  shouM  also  be  note<l  thu     the  wat  xtrutt  contains  oidy  a  /.  're 

i  r  Ih)  allowed  to  stand  for  an  lin-  t- 

=iin;.    water,  a  nnich    larger  ani<>  ,       of 
less  glycogen.    This  shows  that  there 
:,'lycogen  into  dextrose  in  the  liver, 
preparation  of  glj'cogen  is  that  of 
the  liver  in  a  t'lortar  with  alM>ut 
lit.  solution  of  tri-chloraci'tic  acid. 
i>.  and  the  glycogen  contained  in  the 
extract  can  Imj  precipitated  by  alcohol  as  descrilHMl  aliove. 

The  alxive  nietho<ls  <lo  not  extnict  <ilt  the  glycogen,  so  that  for 
quantitative  estimations  a  more  thorough  methtxl  is  necessiuy.  For 
this  pvu.^ose  the  mcth(Ml  of  It.  Kith  is  liest  a<lapted.  The  liver  is 
excisevl  One  hundred  gr.  are  chopped  up,  Injiled  with  four  times  its 
volume  {i.e.  400  c.c.)  of  water  for  half  an  ho»u-  to  stop  the  ferment 
action,  ground  up  into  a  pulp  in  a  mortar,  and  again  placed  in  the 
boiling  water.  Aliout  4  gr.  of  solid  caustic  potash  are  dissolveil  in 
the  extract,  which  is  then  placed  on  a  Innling  wati-r  bath  until  its 
volume  is  aliout  200  c.c.  (i.e.  until  the  amount  of  KOFI  in  the 
mixture  is  about  two  per  cent.).  It  will  now  l>e  found  that  most  of  the 
liver  pulp  has  liecome  dissolvetl,  and  that  a  skin  has  formed  on  the 
surface.  The  extract  should  now  Ije  transferre<l  to  a  Jieaker  provide<l 
with  a  glass  cover,  and  heat«d  till  everything  is  completely  dissolved. 

The  resulting  extract  is  then  cooled,  neutralised  with  hydnxjhloric 
acid,  and  the  proteid-i  precipitate<l  by  Briicke's  reagent.  The  precipi- 
tate<l  proteids  are  filtered  oft',  and,  when  all  fluid  has  filered  through, 
the  precipitate  is  repeatedly  extracted  with  waU^r  containing  a  few 
drops  of  hyiirochloric  acid  and  Briicke's  reagent.  ^Vhen  there  is 
difficulty  in  getting  the  proteids  to  settle,  the  reaction  >>i  the  fluid 
should  he  varini  by  alternately  adding  acid  and  alkalie. 

The  glycogen  is  precipitated  in  the  filtrate  and  washi"gs  by  aicohol, 
the  residting  precipitate  being  collected  on  a  filter  paper,  and  then  dis- 
8f)lved  in  a  small  amount  of  warm  water.      This   solution   is  again 
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treated  with  aci.l  antj  Bracke'H  reagent  8<,  m  to  ,e„,„ve  all  traces  of 
protiucl.     After  filtering  a.,.1  thoroughly  washing  the  precipitate,  the 
glycogen  IS  precipit.it,.,i  in  the  extract,  the  precipitate  collected,  .lrie.1 
and  weighed. 


CHAPTER  III. 

PROTKias. 

Chemical  Nature.   -In  order  to  construct  the  structural  formula  of 

proteids  It  IS  necessary,  first  of  all,  f  determine  the  exact  nature  of 

heir  decomposition   products.     This  has  In^en  done  l,y  decomposing 

them,  either  by  means  of  acids  or  alkalies,  or  l.v  means  of  the  fennent 

trypsin. 

The  following  is  a  general  outline  of  the  principle  of  the  method  for 
seuarating  the  products  of  decompositioii  by  acids : 

A  quantity  of  dried  proteid  is  treated  with  three  times  its  weight  of 
concentrated  hydrochloric  acid.  t<.  which  some  stannous  chloride  is 
added  to  prevent  oxidation.  It  is  lH,ile<l  with  this  for  three  days,  the 
mouth  of  the  Hask  heing  connected  with  a  Liehig's  conden'ser  so 
arranged  that  the  condensed  vapour  runs  l«ck  into  the  flask.  After 
this  tinie  the  contents  of  the  flask,  which  are  deep  hrown  in  colour,  are 
removed  and  evaporated  to  a  syrup.  This  is  place<l  on  ice  and  in  the 
course  of  some  hours  large  clear  crystals  of  Glufominie  arid  h,„lro- 
rhU^h  separate  out.  This  is  a  di-hasic  amido  acid  having  the 
formula :  ^ 

till      'XH., 


crystals  are  separated  by 


and  is  closely  allied  to  Aspartic  acid.     The  „ 

filtration.  The  filtrate  is  then  diluted  with  w^ter  and"  Ir^^"  with"a 
watery  solution  of  Phosphowolframic  acid.'  The  resulting  prenpiutte 
which  contains  the  l^,one  km.,  is  then  dissolve.!  in  lK>iling  water  and' 
8olid  baryt.1  added  to  the  solution  to  precipitate  the  excess  of  phospho- 
wolframic  acid  The  filtrate  from  this  is  then  variously  treati  to 
remove  hydrochloric  acid,  etc.,  after  which  silver  nitrate^s  adde,!  to 
precipitat*!  the  hexone  lw.ses  as  their  silver  salts. 

The  Jiltmte  contains  the  hydrochlorides  of  the  amido  acids.     It  is 
hrst  freed  of  excess  of  phospho-wolframic  acid  bv  means  of  Imrvta 
and  IS  then  treated  with  Imsic  hydroxide  of  lead,  which  takes  up  the 
'  This  is  alDo  calleil  phiwphutiiiigHtio  ftiid. 
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livilnichloric  acid  of  the  hydrochloride  mid  lilienitcH  the  aiiiido  acids, 
which  crvstiillise  out  of  the  filtrate  after  it  has  In-eii  evajK>rated  to 
siiiuU  Imlk.' 

Various  attempts  have  Iweii  made  to  huild  up  artificial  proteids  from 
their  decomposition  products,  liut  these  attempt*  have  not  as  yet  lieeii 
successful.  A  sulwtauce  very  like  proteid  has,  however,  Im'cu  pre- 
pivred  1>y  (irimaux,  who  hy  heating  together  curtain  amido  ImkUcs  with 
an  aromatic  ra<licle  ohtained  a  sul)st4tnce  which  he  called  Colloid,  un<l 
which  gave  most  of  the  ordinary  tests  for  proteids.  It  also  cansetl 
intravascular  clotting  of  the  IiUkkI  when  injected  into  the  circulation 
of  an  animal,  thus  resemhling  imcleo-proteids.  l'it)teids  have  also 
the  power  of  comluning  with  the  Halogen  elements  to  form  definite 
compounds. 

The  Physical  Properties  of  Proteids.  Method  of  obtaining  Crystals. 
— -The  whites  of  several  eggs  are  mixed  with  an  exactly  ecjual  amount 
of  a  fully  saturated  solution  of  ammonium  sulphate.  This  precipitates 
the  globulins.  The  ammonium  sulphate  solution  must  \h'  exactly 
neutral  in  reaction,  and  should  l>e  addctl  to  the  egg-white  in  small 
ipiantities  at  a  time,  the  mixture  Iwing  briskly  stirred  between  each 
a<ldition.  The  precipitated  globulin  is  filttTed  off  and  the  filtrate, 
which  reacts  alkaline  to  litmus,  is  treated  with  the  ammonium  sulphate 
solution  drop  by  drop  till  a  faint  haze  of  precipitated  alltumin  is 
obtained.  A  drop  of  water  is  added  so  that  the  haze  just  dis- 
appears. The  solution  is  now  treate<l  with  10  per  cent,  acetic 
acid,  cautiously  adde<l  drop  by  drop,  until  a  precipitate  of  albumin 
jiist  forms.  The  flask  is  laid  aside,  and  in  twenty  hours  it  will 
)»e  found  that  the  originally  amorphous  precipitate  has  developed  a 
large  numfwr  of  needle-shaped  crystals  (see  Fig.  H'.i). 

The  Oolour  Reactions  of  Proteids. — I^sides  the  three  colour  reactions 
already  descrilted  (viz.,  Millon,  xanthoprotJiic,  and  the  biuret)  there  yet 
remains  to  l)e  descrilnMl  Adamkiewirz's  remiion. 

Mix  in  a  test-tulw  two  parts  of  glacial  acetic  acid,  and  one  part  of 
concentrated  sulphuric  acid  ;  now  add  a  few  drops  of  a  solution  of  egg 
albumin,  when  a  violet  red  colour  will  lie  pro<iuced.  Hopkins  and 
Cole  have  shown  that  the  reaction  is  due  to  the  presence  of  glyoxylic 
acid,  which  is  a  common  impurity  of  glacial  acetic  acid.  A  pure 
solution  of  glyoxylic  acitl  gives  a  very  distinct  reaction.  The  puiest 
forms  of  acetic  acid  do  not  give  the  reaction  since  they  do  not  contain 
glyoxylic  acid. 

The  Precipitants  of  Proteids. — So<lium  sulphate  poasesaes  at  :W°  C. 

'  Space  will  not  allow  of  a  more  detaileil  description  of  tliia  important  proccM). 
A  detailetl  account  will  be  found  in  Ztitrhr.  /.  jihyHtol.  Chemif,  Bd.  XXVI. ,  8.  ."»8fl. 
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the  same  proteul  precipitating  pov^-ers  a«  aimiioniuni  sulphat*-  It  is  of 
great  advantage  when  it  is  desired  to  estimate  the  amount  of  proteid 
contan.ed  „,  any  Hui.l.  By  precipitating  with  so<lium  sulphate,  th.- 
a.nount  of  proteid  can  l,e  dec.rmined  hy  estimating  the  amount  of 
introgen  contamed  in  the  precipitate  (determined  l.v  Kjeldahls meth.Kl) 
and  multjplynig  by  6-25.  When  ammonium  sulphate  is  emplove,!,  it  is 
obvious  that  this  method  cannot  !«;  used.  " 

Coagulation  of  Proteida  by  Heat-Native  proteids  are  coagtilatcl 
I'V  heat  m  the  presence  of  neutral  salts.  A  solution  of  albumin  in 
distilled  water,  however,  does  not  coagulate  even  on  Injiling.  If 
•.loo<l  serum  bo  weakly  acidified  with  acetic  acid,  and  very  g,-adually 
heated  in  a  water  l«th,  it  will  Ih,  found  that  a  dense  coaguh.m  is 
obtained  at  75-77-  C.  and  that,  if  this  In,  filtered  off,  the  filtrate  will 
give  another,  but  fainter  coagulum,  at  about  84'  C.  By  this  methyl 
-called  fractional  heat  coagulation-it  has  Injen  attempted  to  identify 
several  varieties  of  proteid  in  blood  serum,  but,  since  it  is  only  in  their 
hea.  coagulation  points  that  the  fractions  differ  from  one  another,  it  is 
highly  improbable  th.  t  ri  ey  are  really  different  varieties  of  proteid 

01a«Ulcatior  of  Proteirts.      I.  Prot«nme..-These  differ  from  all 
other  proteids  in  that  they  do  not  yieid  mon-amido  acids  as  decompo- 
sition  products,    but  only  the  hexone  Imses  Arginin,  Histidin    and 
Lysui  (see  p.  170).     They  are  very  basic  in  nature,  a  solution  of  them 
in  water  reacting  alkaline  to  litmus.    They  acconlingly  combine  readily 
vith  acids  to  form  salts,  and  it  is  as  a  salt  with  nucleic  acid  that 
they  exist  m  the  spermatozoa  of  certain  fishes.     The  protamin  can  be 
displaced  from  its  combination  with  nucleic  acid  by  me.  ,«  <„  sulphuric 
or   picnc  aculs,  and   the  resulting  salt  is   used  for   .,-   isolation  of 
protamm.      These  artificial      salts  of  protamin   are  p.    ..itated   bv 
phospho-wolframic  acid,  this  l,eing  the  precipitant   used  to   separat'e 
them  from  other  l)odies.  ^ 

JlZ  '"T'n"  "^  P™"*'""'  "'  "'"'"'■  ^  '•■^'«''  "^'^  «»  «mmoniacaI 
solution  of  albumin,  a  precipitate  is  obtained  which  is  said  to  be  the 

same  as  A..to„  (see  below).  Protamines  are  considered  by  Kossel  as 
the  nucleus  o  construction  of  all  other  proteids.  Several  varieties 
have  l,een  isokt^i,  and  they  are  named  according  to  the  variety  of 
fish  from  which  they  are  of)tained. 

II   AlbmninoidB.-Ooll.gen.  the  precursor  of  gelatin,  forms  the  chief 
constituent  of  white  fibrous  tissue  and  of  the  organic  substance  of  bone 
It  also  exists  in  cartilage,  where,  however,  it  is  mixed  with  several 
other  lK)die8  (see  p.  429). 

Prepamtion  of  Collagen.^  A  piece  of  tendon  is  maeemtcd  over  i.iKht 
'..  1  Fr  cent,  caustic  alkali  to  remove  protei.l  and  mucin,  and  then 
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washed  with  water  till  alkali  free.  The  resiUtiiiji  miws  is  loliageii. 
Place  a  piece  of  this  in  a  flask  and  lioil  it  for  ten  minute's  with  water 
which  is  rendere<l  faintly  ivcid  with  acetic  acid.  By  thi.s  trfatnicnt.  the 
collagen  is  transformed  int<i  gelatin  and,  on  c(K)ling  the  solution,  it 
gelatinises. 

Qelatin.  -This  is  really  the  anhydride  of  collagen,  the  Intiling  with 
acidulated  water  in  the  ai)ove  expt^rinient  having  caused  the  collagen 
to  take  up  a  molecule  of  water.  Conversely,  the  gelatin  can  Im*  re- 
converted into  collagen  Ity  heating  it  to  130°  C,  wherehy  it  loses     .iter. 

Divide  a  solution  of  gelatin  in  lukewarm  water  into  three  p<.rtion.s. 
to  which  apply  the  foHowing  test« :  (1)  the  liiuret  reaction:  a  violet 
colour  is  producetl.  (2)  the  .xantho-pniteic  reaction  :  only  ii  slight 
colouration  is  pro<iuced.  (3)  the  Mill(»n V  uwt .  only  a  slight  reddening 
of  the  precipitate  occurs  on  lM)iling. 

The  reason  why  the  last  two  U'nia  are  not  verj'  distinct,  is  Itecausc 
gelatin  is  an  albuminoid,  and  conseqsiently  does  fjot  yield  aromatic 
Icxlies  on  decomposition,  and  Itoth  these  tests  depend  f»n  the  presence  of 
aromatic  IxKlies.  Some  varieties  of  gelatin  give  theae  reanctions  more 
distinctly  than  others,  and  ahsolutely  pine  gelatin  is  said  not  to  give 
them  at  all,  so  that  their  presence  is  held  to  depend  on  pn»teid  impurity 
in  the  gelatin. 

The  other  alLiiminoids  are  unimpoitaiit.  They  are  Keratin,  which 
occurs  in  the  skin  appendages  and  in  the  medullary  sheaths  of  nerves, 
and  which  is  remarkable  for  the  large  percentage  of  sulphur  which  it 
contains ;  ElMtin  foiuid  in  elastic  fibres,  and  which  contains  a  \  cry 
small  percentage  of  sulphur,  and  a  considerable  amount  of  iiromatic  IkmIu's. 

All  these  albuminoids  except  keratin  yield  glyciu  as  their  chief 
decomposition  product.  They  also  yield  the  hexone  Iwses,  since 
protamin  forms  part  of  their  moleciile. 

III.  True  Proteids.  (1)  Native  Proteids  (p.  170).  (.')  Albuminates 
(p.  177).    (3)  Proteoses  and  Peptones  (p.  177). 

IV.  Compound  Proteids.  («)  Oluco-Proteids. — It  h»is  recently  lieen 
discovered  that  a  carltohydrate  can  be  split  o**'  from  most  proteids. 
Thu.s,  if  egg  albumin  be  decomposed  by  boiling  with  acid,  the  resulting 
priMluct  is  capable  of  reducing  Fehlings  solution  although  it  does  iitif 
ferment  with  yeast.  These  reactions  woidd  point  to  its  Iwing  a  pentose 
(see  p.  417).  A  similar  sugar  is  also  obtaine<l  from  the  nucleo-proteid  of 
the  pancreas  and  from  several  other  pn>tei«l8,  so  that  the  gluco>proteids 
prolmbly  form  a  very  extensive  class.  Besides  mucin  (see  p.  178),  this 
class  also  includes  the  Mneinoids  and  the  Chondro  Proteids.  The 
jnucinoids  are  distinguishefi  from  the  raueins  in  that  they  arc  not 
stringy  in  nature,  and  that  they  are  not  so  easily  precipiute<l  by  acetic 
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acid,  and  the  precipitate  h  very  readily  soluhle  in  excess  «f  the  uci.l 
They  are  represente.1  l.y  p«eudo-mucin,  which  .Kcurs  in  ovarian  cysts' 

a  o„^,  «,th  collagen  ,n  cartilage.  On  decomposition  with  an  acid  they 
uel.l  proteid  and  a  reducing  body  called  chondroitin-mdphuric  aci.j 
"•h,eh  can  l.  further  decomposed  to  yield  a  Inxly  called  chondrosin' 
which  IS  even  nu.re  strongly  rclucing  than  .lextrose,  and  which  contains 
n  tn,gen.  By  stdl  urther  .lecomposing  this  latter  IkhIv  glucosamin  is 
..r.Uuned,  wh,ch  Ks  also  the  chief  decomposition  product  of  chitin,  the 
chief  constituent  of  the  carapace  of  arthropods. 

{f>)  Nttclein8.-The  general  relationships  of  tht  different  Inxlies  in 
this  most  important  group  „f  proteids  have  already  Jnien  given  in  the 

t:^T:u^'!'^   'l'^-    ^"  ''"*  """""'  ^  ^^^  ^'-'•^  »>-«  ■«  ^  descnhe 
now  the  different  Inxlies  are  prepared. 

Nucleo-Albmnin   and    Nuclein.-A   pancreas  o,    thymus  gland   is 
chopped  mto  small  pieces,  and  is  macerated  for  several  hours  with 

the  mixture  he.ng  fnHjuently  stirred.     After  this  time,  the  extmct  i 
straine.1  through  muslin,  ami  the  residue  again  extracted.    The  extracts 
are  then  mixed  together,  and  5  per  cent,  acetic  acid  added  to  the 
combined  extract  till  it  Wcomes  faintly  acid   in   reaction.      A  dirtv 
white   precpiUite   is    prmluced,    which    is    nurl.cHilhumin.      In   order 
t..    purify   It,    the    precipitate    is    collecte<l    on    a    filter    paper    and 
redissolved    in    ammonia    water,     the     nucleo^linimiu     heZg    again 
precpitated    by   the   addition    of  acetic   acid.     In  order   to   preme 
n..k,n  from  this,  the  precipitate  is  tmii8ferre<l  to  a  small  Wke^or 
Ha«k,  amU.  ,t  is  added  alnnit  ten  times  its  bulk  of  0-2  per  cent,  hydro- 
chloric acid,  and  a  «ut  lOc.c.  liquor  pepticus.    The  mixture  is  placil  in 
the  mculmtor  at  37;  C^  for  aWut  48  hours,  after  whici.   time  it  will!  e 
noticed  that  a  considerable  amount  of  the  precipitate  has  dissolved,  a.i.l 
that  a  brownish  sediment  has  fallen  to  the  Imttom  of  the  vessel      This 
sediment  IS  nuclei,,  the  albumin  having  gone  into  solution  as  peptone 
The  .uiclen.  ,s   collected  on  a  filter  paper,  and   washed  free  of  im^ 
punty  by  r^eaus  of  02  per  cent,  hydrochloric  acid.     In  order  to  further 
punfy  ,t,  the  prec,p,t.ite  is  dissolved  in  05  per  cent,  ammonia  water 
and  the  nucle.n  reprecpitated  by  the  addition  of  5  per  cent,  acetic  acid' 
From    he  alK.ve  method  of  preparation  it  will  J.e  noticed  that  »K,th 
nuclec.aibum„,  and  nuclei,,  are  soluble  in  alkali,  and  insoluble  in  acid 
In  this  respect  they  agree  with  mucin,  and  frequently  they  are  confuse.l 
with  th,s  )«dy.     They  are  distinguished  from'  mucin,  howererbyTh 
fact  that  they  contan,  phosphorus.     This  can  be  detected  l>y  fusing, 
«ome  n«cle,n  in  a  silver  \^iu  with  potassium  hydrate  and  potassium 
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iiitraU*.  By  so  (h)iiig  the  organic  inutttM'  io  Iniint  ott'  as  iiiilKMiii-  acid 
and  ammonia,  and  the  lilK-niU'd  phosphorus  unites  with  the  alkali  to 
form  a  salt.  After  e«K)ling,  the  mass  is  dissolved  in  water,  transferred 
to  a  beaker,  aii<l  niada  Reid  with  nitric  acid. 

The  phosphorus  is  preeipitaU'd  l>y  adding  alK)nt  a  fourth  its  Imlk 
of  a  solution  of  ammonia  molylMlate  containing  nitric  aeid,  anil  a  fotuth 
its  hulk  of  a  saturated  solution  of  ammonium  nitrate".  The  mixture  is 
placed  on  the  water  Itath  at  alH)ut  '>()'  t'.,  when  a  yellow  prccijii- 
tate  of  molylKlenum  phosphate  will  develop.  If  it  Ik-  <lesired  to 
((uantitatively  det«>rmine  the  amoiuit  of  phosphorus  present,  this 
precipitate  is  collecte<l  on  a  filu'r  paper,  washed  with  a  solution  of  am- 
monium nitrate,  and  then  dissolved  in  a  :\  percent,  solution  of  ammonia. 
The  phosphorus  is  now  precipitated  fnmi  this  solution  liy  the  addition 
of  magnesia  mixtiue,  the  resulting  precipitate  heing  allowed  to  stand 
over  night,  and  then  collected  on  an  ash-free  filter  {MijH-r,  and  incinerated 
in  a  cnicilile.  The  a.sh,  which  consist**  of  .Mg„P.,().,  is  weighed,  and 
from  it  the  anumnt  of  phosphorus  calculated. 

Nucleic  Acid. — If  nuclein  Ih'  decoin|K)sed  l>y  means  of  alkali,  the 
allmmin  is  split  off  and  the  n\icleic  acid  comhines  with  the  alkali  to 
form  a  salt,  which  can  then  Ih'  deccmiposed  l>y  the  addition  of  acid 
alcohol,  when  the  nucleic  acid  will  separate  out  as  a  precipiuite. 

.Mix  100  grammes  of  liaker's  yeast  with  .'UK)  c.c.  of  a  .{  p«-r  cent. 
.siMlium  hydrate  solution,  and  thoroughly  stir  the  mixture  for  about  "> 
minute's.  Now  add  weak  hydr<K;hloric  acid  till  the  solution  is 
neutral,  and  then  acetic  acid  till  no  more  precipitate  of  the  proteid 
results.  Filter  off  the  proUiid  and  achl  water  to  the  filtrate  to  make  its 
volume  ecpwl  Ui  300  c.c.  Then  achl  ')  c.c.  of  a  •>()  per  cent,  solution  of 
hydrochloric  acid  so  us  to  ohttun,  approximatt-ly,  a  mixture  containing 
0-4  per  ccFit.  HCL.  Now  achl  an  eciual  hulk  of  spirit  contJiiuing  0-4  per 
cent.  HCL,  when  the  nucleic  acid  will  he  pn^ipitiited.  It  is  collected 
on  a  filter  paper,  and  if  it  he  desired  to  still  further  purify  it-  is  dis- 
solved in  weak  ammonia  water  and  again  separated  from  proteid,  as 
aliove  de8cril>ed. 

Chemically,  nucleic  acid  consists  of  a  ctmipound  of  phosphoric  acid, 
and  alloxuric  or  iniclein  Itases  (for  the  chemistry  of  these  see  p.  1 79).  The 
phosphoric  acid  can  l»e  det^cUul  hy  the  methcMl  described  under  nuclein. 
Ill  order  to  mink  tlie  nuclein  banes  the  nucleic  aci<l,  or  organ  conuiining 
it,  is  lx)iled  with  0-.5  per  cent,  sulphuric  acid  for  four  hours;  filtered; 
the  filtrate  treated  with  acetate  of  lead  to  separate  the  albumin  ;  the 
lead  removed  by  means  of  sulphuretted  hy<ln)geii,  and  the  I>a8e8 
precipitated  in  tht:  lead-free  filtrate  by  means  of  an  anunoniaitai  solution 
of  silver  nitrate. 
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The  nucleic  acids  separate*!  from  <litterent  or>cans  and  tissues  yield 
dirterent  Iwses,  and  they  are  sometimes  classifie<l  acconliiig  to  the  nature 
of  these.'  Thus,  the  nucleic  aci(t  ohtainwl  from  the  thymus  yields 
mainly  adenin,  whereas  that  ol.tained  from  the  pancreas  mainly  guanin. 
Besides  these  alloxuric  liodies  other  decomposition  products  have  Injen 
ohtainetl,  such  as  a  Inxly  called  Thymin,  so  called  l)ecause  it  was  first 
obtaine<l  from  the  thymus  nucleic  acid.  It  has  since  Ikjcfi  ohtainwl 
from  several  other  varieties  of  nucleic  acid. 

Several  nucleic  acids  also  contain  a  carlK)hydrate  in  their  molecule, 
thus  pancreatic  nucleic  acid  yields  a  pentose,  and  yeast  nud'ic  acid  a 
hexose.  On  the  other  hand,  thymus  nucleic  acid'  d(His  not  yield  anv 
carlxjhvdrute. 


CHAPTKli   IV. 
F.\TS    AND    ALLIED    BODIES. 

Method  of  Extracting  an  Organ  or  Tiasue  with  Ether.     The  simplest 
method  IS  by  means  of  Soxhlet's  apparatus  (Fig.  269).    This  consists  of 
an  extracting  chaml)er  into  which  opens,  near  the  top,  a  side  tube 
connected   below  with  a  flask,  in   which   is  placed  the   ether.     This 
flask  is  placed  on  a  water  Ijath,  and  the  ether  passes 
into  the  chamber,  and  then  into  a  Liebig's  condenser, 
where  it  is  condensed  and  trickles  back  into  the  ex- 
tracting chamber,  in  which  it  giadually  accumulates  till 
it  reaches  the  level  of  the  bend  in  the  side  tube  when 
syphon  action  is  established,  and  the  whole  of  the 
ether  drains  into  the  distilling  flask.     The  tissue  or 
organ   to  be   extracted  is  placed  in  the  extificting 
chamber,  being  wrapped  up  in  a  piece  of  filter  {mper 
The  lukewarm  condensed  ether  as  it  accumulates  in 
the  chamber  dissolves  out  the  fat,  and  carries  it  into 
the  distilling  flask.    The  process  should  be  allowed 
to  proceed  for  several  hours.      The  contents  of  the 
distilling  flask  are  then  removed  to  a  flat  dish,  and 
the  ether  allowed  to  evaporate. 
Method  for  Separating  Neutral  Fat  and  Fatty 
Acid.— Fatty  acid  combines  with  sodium  carbonate  to  form  a  soap, 
whereas  neutral  fat  does  not.      In   order  to  separate  the   one  froni 

'  More  usually,  however,  they  are  named  according  to  the  organ  from  which 
they  are  oeparated. 
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the  other,  therefore,  the  niethiHl  m  to  heat  the  suhstimee  oniitninin^ 
these  two  Uidies  on  u  water  hath  with  a  half-wit uratec I  Hohition 
of  sodium  carlK)iiate,  until  the  mass  has  Iweoine  nearly  <lrv.  The 
soap,  formed  by  the  sodium  carbonate  uniting  with  the  free 
fatty  acid,  is  separatetl  from  the  unehaiige<l  neutral  fat  by  dis- 
solving the  residue  in  water,  and  shaking  the  resulting  solution  in 
a  separating  funnel  with  ether.  The  ether  takes  Jip  the  neutral 
fat,  the  water  takes  up  the  soap,  and  the  two  fluids  can  easily  be 
separated  from  one  another  by  allowing  the  mixture  to  stjiiid,  when 
the  ether  rises  to  the  top  and  the  luiderlying  water  can  be  run  ofl"  bv 
opening  the  tap.  The  soap  solution  can  then  be  decomposi>d  by  p«Miring 
it  into  a  warm  solution  of  20  per  cent,  sulphuric  acid,  when  tht'  fntty 
arid  rises  to  the  top  as  an  oily  layer  and  can  l»e  nsmovwl  with  a  glass 
rod  after  cooling.  The  neittnil  fat  is  obtained  by  evaporating  away  the 
ether. 

Testa  for  Fatty  Acid. — Apply  the  following  reactions  to  some  fatty 
acid  prepared  as  above. 

(1)  Place  some  fatty  acid  on  a  piece  of  ordinary  paper,  au<l  hold  the 
paper  near  a  flame.  The  fatty  acid  will  melt  and  profluce  a  greasy  stain 
on  the  paper. 

(2)  Dissolve  a  small  piece  of  fatty  acid  in  ether,  aiul  add  to  the 
solution  two  drops  of  a  saturated  solution  of  phenol-phthaleinei  ip 
absolute  alcohol,  and  then,  drop  by  drop,  a  very  dilute  solution  of 
sodium  hydrate  until  the  solution  becomes  distinctly  red.  Repeat 
this  experiment  with  a  solution  of  neutral  fat  in  ether,  and  note  that, 
in  this  case  the  re<l  colour  develops  with  much  less  alkali. 

(3)  Place  .1  small  piece  in  a  half  saturated  solution  of  sodium 
carbonate,  warm  and  shake,  when  the  fatty  acid  will  dissolve,  a  solution 
of  soap  being  formed,  which  forms  a  lather  on  shaking. 

Divide  the  soup  Kolutim  into  two  parts,  a  and  /*. 

To  a  add  a  few  drops  of  a  solution  of  calcium  chloride— a  white 
precipitate  of  calcium  soap  falls  down. 

To  I)  add  some  leatl  acetate  solution — a  white  precipitate  of  the  lead 
soap  falls  down  (lead  plaster). 

(4)  Apply  the  acrolein  reaction  (see  p.  182).     It  is  negative. 

The  fatty  acids  prepared  by  the  al)ove  method  usually  consist  of  a 
mixture  of  Palmitic,  Stearic,  and  Oleir.  These  differ  from  one  another 
mainly  in  two  points,  viz.,  in  their  melting  points  and  in  the  ease  with 
which  they  can  be  precipitated  by  lead  acetate.  Those  reactions  are 
taken  advantage  of  in  separating  them  from  one  another. 

'  An  indicator  which  gives  red  with  alkali  and  yellow  with  »cid«,  and  which  in 
specially  sensitive  towards  fntty  acids. 

2f 


04 


FRAtTICAL  PHYSIOLOOY 


i  i 


To  8ei»ante  the  Solid  (i.e.  palmitic  uid  itearic)  from  the  nuld 
Patty  Acid*  (i.e.  oleic).— Melt  the  fatty  acids  in  a  Iwaker,  and  add  U) 
the  resulting  fluid  aliout  four  times  it«  hulk  of  70  per  cent,  alcohol 
Place  the  leaker  on  the  tailing  water  bath  for  a  few  minutes,  and  then 
filter  quickly  through  a  folded  filter.  Allow  the  filtrate  to  cool,  when 
the  solid  acids  will  separate  out  as  a  crystalline  mass,  wherea :  the  oleic 
acid  will  remain  in  solution.  The  two  can  then  lie  separated  hy  filtra- 
tion. The  further  separation  of  stearic  from  palmitic  acid  is  a  laliorious 
process,  and  consist*  of  the  addition  of  an  alcoholic  solution  of  lead 
acetate  in  small  quantities  at  a  time  to  a  solution  of  the  acids  in  alcohol 
Rich  addition  produces  a  precipitate  which  is  filtered  off  and  treated 
with  dilute  hydrwhioric  acid  and  ether.  The  acid  decomposes  the  lead 
salt  and  the  liberated  fatty  acid  goes  into  solution  in  the  ether  This 
ppficess  is  called  fractional  precipitation,  and  the  higher  the  melting 
p«.n.t  of  the  acid  the  more  easily  is  it  precipitated  by  the  lead  acetate. 

To  Estimate  the  Melting  Point  of  a  Patty  Acid  or  other  Body.— 
The  8ul»stanee  is  placed  in  a  capillary  tube  of  «uch  a  width  that  a  pin 
can  easily  be  pushed  into  it.  This  tube  is  tied  on  to  the  bulb  of  a 
thermometer  so  that  the  8iil»8tance  is  opposite  the  centre  ..f  the  bulb 
The  thermometer  is  then  placed  in  a  test-tuln.,  which  is  suspended  in  a 
combustion  flask  containing  concentrated  sulphuric  acid,  which  is  very 
grad.-.Hy  heated  over  a  thick  asliestos  plate.  The  suf^tance  is  very 
carefully  ol>served  as  the  temperature  rises,  an<l  the  exact  temperature 
at  which  it  logins  to  melt  is  n^^ted. 

Lecithin.  Prep„rafim.--V  rinciple  of  the  method  depends  on  the 
tact  that  lecithin  is  not  so  solu)  .  in  cold  ether  as  the  other  fatty  Ixxlies 
are,  but  it  is  easily  soluble  in  alcohol  at  60°  C.  The  yolks  of  two  eggs 
are  shaken  with  cold  ether  until  the  ether  is  no  longer  pigmented  The 
residue  is  then  extracte<l  with  methylated  spirit  at  a  temperature  of 
about  60°  C.  The  alcoholic  extract  is  evaporated  to  divness,  and 
the  residue  frequently  washed  with  cold  ether.  The  purified  residue 
IS  .lissolved  in  as  little  absolute  alcohol  as  possible,  filtered,  and 
allowed  to  evaporate  slowly,  when  the  lecithin  remains  as  a  gummy 
mass  (The  lecithin  can  l»e  obtained  as  small  n.iind  crystals  by  coolin« 
the  alcoholic  solution  to  .'5°  C.)  ■^  .^  f. 

Eeactionj  and  Tests  for  Lecithin.-These  dcj^tid  entirely  on  its 
chemical  constitution,  and  consist  in  the  rt-ognition  of  the  various 
<lecompos.tion  products.  It  will  1«>  rememlK^red  that  lecithin  consists 
of  a  central  molecule  of  glycerin,  two  of  the  hydroxy!  radicles  of  which 
are  combine,!  with  a  fatty  acid,  and  the  third  o„..  with  phosphoric  acid, 
and  that  this  latter  is  combine<l  with  a  Inxly  called  cholin.  By 
lulling  with   baryta  water  the   fatty  aci.i   .separates  as  an  insoluble 
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may),  the  tholin  m  lilieraUKl  and  giws  into  wilution,  un<l  thi-  ghTfrin  an<i 
phosphoric  acid  roniaiii  foniliinc<l  with  one  another  im  a  glyrcrin- 
phimphoric  acid. 

In  order  to  oKuiin  thcRe  deconipoitition  priMluctH,  it  iH  not  necesMary  to 
prepare  pure  lecithin  as  descrilH-d  aliove.  All  that  in  nwessary  in  to 
extract  the  yolks  r»f  several  eggs  with  warm  ether  in  a  Soxhlet's 
apparatus.  The  ether  is  then  evaporate«l  off  and  the  residue,  which 
will  contain  lecithin,  Iniiled  in  an  evap)rating  dish  with  Jwryta  water, 
preparwl  of  such  a  strength  that,  for  each  yolk  used,  .".grammes  of  solid 
I'ariuni  hydrate  and  .'lOcc.  of  waU'r  are  employe*!.  The  iMiiiing  should 
prftceed  for  alKuit  one  and  a  half  hours,  water  U'iiig  meanwhile  added 
to  replace  that  which  is  lost  Ity  evaporation.  The  solution  is  then 
tiltere<l  to  remove  the  iusoluhle  soaps  which  have  fornunl,  and  the 
filtrate  is  freed  from  Iwirium  l>y  passing  a  stream  of  carlK>n  dioxide 
gas  through  it.  The  liarium-free  filtrate  is  then  dividwl  into  tw(»  parts 
A  and  B. 

A  is  slowly  cvaporate<l  to  dryness,  and  the  residue  melted  in 
the  silver  ittisiu  with  nitre  and  cimstic  potash,  the  nu'lt  dissolved 
in  water,  and  the  phosphorus  is  precipitated.  The  presence  of 
phosphorus  shows  that  the  extract  conUiined  glycerin-phosphoric 
acid,  as  any  free  phosphates,  which  nuiy  have  Keen  containe<l  in  the 
ethereal  extract  of  yolk,  would  have  comhinwl  with  the  Iwiryta  to  form 
an  insoluhle  salt. 

B  is  also  evaporate<l  to  dryness,  and  the  residue  • -<^racted  with 
absolute  alcohol  and  filtered.  The  alcoholic  extract  .rented  with 
an  alcoholic  solution  of  platinic  chloride  (1  in  10).  After  standing  an 
hour  or  so,  the  precipitate  of  the  double  salt  of  cholin  and  platinic 
chloride,  which  separates  out,  is  filtered  off,  washed  with  alcohol,  and 
then  dis8olve<l  in  water.  The  watery  s(»lution  is  placed  in  a 
desiccator  over  sulphuric  acid,  when  the  cholin  salt  crysUiUises  out  as 
six-sided  orange-coloured  plates. 

Lecithin  forms  the  chief  constituent  of  the  me<lullary  sheaths  of 
nerves,  and  consequently  can  l>e  obtained  in  great  abundance  by 
extracting  the  white  matter  of  the  brain  with  warm  alcohol.  Such  an 
exti-act  on  cooling  deposits  crysUils  of  a  liody  callwl  Protngon,  which  on 
boiling  with  l>aryta  water  yields,  liesides  the  decomposition  pnMlucts  f»f 
lecithin,  a  Inxly  called  Cerelnrin,  which  contains  nitrogen,  and  yields  on 
hydrolysis  with  an  acid  a  carl  why  drate  which  has  been  ideiitifitHl  as 
galactose. 

It  is  said  that  when  nerve  degeneration  is  taking  place,  as  in  inflam- 
matory aftectit)ns  of  the  nervous  system,  that  cholin  is  detecUible  in  the 
cerebro-spinal  fluid  and  in  the  blood  (Hallibiuton). 
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Choliii  18  a  Htroiigly  luwie  ImnIv,  and  may  iH^coimidertHl  U8  ammoiiiuni 
hydrat*',  in  which  three  of  the  hytlrngeii  atoiim  are  rt-placMl  hy  three 
methyl  radicles  and  the  third  liy  oxy  ethyl : 

NkiH„    t'H.OH 

[oh: 

I.iecithin  Honietiniefl  exiHtn  in  coniliiiiation  with  proteid,  the  coinp«)und 
being  called  Lfnlhiii-nlhumiii. 

OholMtoin.  The  chemical  relationshipM  of  thiH  IhhIv  are  not  well 
known,  and  consefjuently  the  reuctions  and  tests  are  entirely  empirical. 
Besides  chose  dcHcrilKMl  in  the  elementary  portion,  the  most  im|)ortant 
is  Salkowiki't  reaction. 

A  few  crystals  of  cholesterin  are  placed  in  a  lhon)Ughly  dry  test- 
tube  and  are  dissolved  in  a  few  c.c.  of  chlonifomi.  An  eipial  bulk  of 
concentrated  sulphuric  acid  is  now  added,  and  the  mixture  is  well 
shaken  for  al>f)ut  a  miimtt^  and  then  allowed  to  stand.  The  chloroform 
swims  to  the  top  and  is  coloured,  at  first  red  and  aft  rwards  purple,  and 
the  acid  sinks  to  the  Ixtttom  and  Uikes  on  a  green  Huorescenee.  If  some 
of  the  chloroform  solution  Im>  removed  to  another  tt!st-tulH>,  and  shaken 
with  a  drop  of  water  it  liecomes  colourless,  to  l»e  again  coloured  l)y 
adding  more  sulphuric  acid. 


CHAPTER  V 


MILK. 

The  conversion  of  caseinogen  int^)  casein  takes  place  in  two  stages. 
The  first  jiction  of  the  rennet  is  to  cb  mge  the  caseinogen  into  a  body 
called  soluble  casein  ;  this  then  combines  with  calcium  salts  to  form  an 
insoluble  compound  called  caseinate  of  calcium.  In  order  to  study 
the  conditions  necessary  for  the  clotting  of  milk  a  solution  of  caseinogen 
should  be  prepared  bj*  the  following  metho<l  (Ringer's) : 

300  c.c.  of  milk  are  mixed  with  an  equal  bulk  of  water,  and  10  per 
cent,  acetic  acid  is  added  till  all  the  caseinogen  has  been  precipitated. 
The  precipitate  is  filtered  off"  and  thoroughly  washed  with  distilled 
water  until  the  washings  are  no  longer  acid  in  reaction.  It  is  then 
removed  from  the  filt«r  paper,  and  ground  up  in  a  mortar  with  solid 
calcium  carbonate.  The  resulting  paste  is  thrown  into  500  c.c.  of 
water  placed  in  a  tall  vessel,  and  the  solution  is  allowed  to  stand  for 
several  hours.  The  fat,  which  was  contained  in  the  precipitate,  rises  to 
the  surface,   the  calcium  car})onate  sinks   to  the  bottom,   and    the 
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iiitervi-jiiiijj  tliiiil  foiitaiiw  tlw  tawinopMi  in  com  I  >i  nation  with  laUiunt 
ax  calcium  cawino^cnatc.  which  is  wilulilc  in  water  (<)«lHtinc). 

Tliicc  wimples  <>t  the  ojmlcwcnt  wthition  arc  remove*!  \>y  meann  of  a 
pipette,  ami  placed  in  thn-e  test  tnU'i*  la)H>llc<l  .•/,  H,  ami  C.  To  .-/  are 
ailded  a  few  jlroj)*!  of  rennin  ;  to  //  a  few  drops  of  a  (>">  p-r  cent, 
phosphoric  jicit  I  and  some  reiniin  :  to  6' a  few  drojw  of  a  oj  |M-r  cent, 
wtlution  of  calcium  chloride  and  some  rennin. 

The  three  tcHt-tul»«'s  are  placed  in  the  water  Ixith  at  4(1'  I'.,  when 
it  will  1k!  noticc<l  that  c«Hi>culation  occurs  only  in  /<  ami  ''.  in 
which,  iH'sides  the  fenm-nt,  soluMe  calcium  salts  are  present.'  In  .4, 
although  no  visihle  change  has  Uiken  place,  the  caseinogen  ha«  Imhmi 
converted  into  the  so-called  Mihildr  insnn,  and  all  that  is  necessiiry  for 
the  pnKluction  of  clotting  is  the  prest-nce  of  calciiun  in  solution.  That 
this  is  so  can  lie  demonstrat*"*!  hy  Willing  the  solution  A  so  as  to 
<lestroy  the  femient,  then  ciMiling  and  adding  a  few  drops  of  a  •_'  |mt 
cent,  solution  of  calcium  chloride,  when  a  clot  will  at  once  form. 

The  Chemical  Nainre  of  Oueinogen.  -Cascinogen  is  of  the  nature 
of  a  weak  acid.  It  i«  insoluMe  in  water,  l>ut,  if  a  few  dro|)s  of  a  weak 
alkali  l>e  added,  it  at  once  dissolves  iK'cause  it  forms  a  sidt  which  is 
soluble.  Shake  up  sonie  pure  caseiuogen  (prepared  as  descrilKnl  on  p. 
1H6)  in  a  test-tulw  with  distilled  water;  it  dws  not  dissolve.  A<ld 
some  powdered  calcium  carlntnate  and  shake.  The  cas<>inogen,  U'ing 
iicid  in  nature,  expels  a  certain  amount  of  the  carlionic  acid,  and  takes  its 
place,  forming  caseinogenate  of  aleium,  which  is  soluMe.  That  pjirtial 
solution  of  the  casein  has  Uikeii  place  can  1h»  pnniHl  l»y  filtering.  The 
filtrate  is  opalescent,  and  gives  a  precipitate  of  caseinogeii  or  adding  a 
weak  acid. 

In  another  test  tulie  shake  up  some  caseiuogen  with  a  weak  alkali, 
such  as  lime-watiM  :  the  caseiuogen  dissolves,  and  an  opalescent 
solution  is  prcKluced.  If  all  the  cjiseiuogen  has  not  dissolveil,  filter. 
Now  add  to  the  opjdesceut  solution  sutticient  litnuis  solution  to  colour 
it  faint  )>lue,  and  then  neutralise  carefully  with  aOo  per  cent,  .solution  of 
phosphoric  ivcid.  This  combines  with  the  excess  of  calcium  hyilrate  to 
form  calcium  phosphate,  atid  the  cawnnogen  liecomes  swollen  up  so  that  a 
solution  l<K)king  like  skimmetl  milk  is  obuiimMl,  especially  tm  slightly 
warming  the  solution.  Besides  these  reactions  ca.seinogen  salts  are  pre- 
cipitated by  the  addition  of  weak  acids  or  by  neutral  salts,  U8e<l  in  the 
sjime  strengths  as  for  globulins  (p.  17fi).  Their  solutions  are  not 
coagulated  by  lioiling. 

C'hemicaiiy  caseiuogen     of  the  nature  of  a  J'sfmlu-hmiein  (p.  179),  and 

'  The  phosphoric  acid  added  to  B  brin.  t  some  of  the  Ca  salts  suspended  in  the 
opalescent  fluiii  into  solution. 
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thercfort>,  can  Iw  iihowii  t«>  toiiuin  phunphtiriw.  If  it  U;  ilij{twt«Mi  with 
p«'pHiM  Holutioii  (if  the  iMiiuI  Htr»Migth  it  fertnin  uiuiniiit  of  the  pniteiW  in 
split  (iff  on  |H!pt<)iif,  uiid  thf  M>(linu>iit  which  iiettk'8  down  will  In*  fonnd 
to  contain  u  much  higher  pereuntagc  of  phoMphoriiH  than  tht*  orijonal 
caw'in  (for  «lotection  of  this  wc  p.  179).  If,  on  tho  <»thcr  hand,  a  strong 
pepwin  solution  Iw  omplciywl,  an<l  the  digestion  1m'  allowwl  to  pi<K'eed 
for  si'veral  ilays.  all  the  proteid  will  Ihtohic  chan>;e4i  into  {x-ptone,  the 
phosphorus  partly  separating  as  phosphates,  and  partly  remaining  in 
organic  combination  with  the  all>umoses  and  jK-'ptoKes  which  are 
simultaneously  formed. 

The  QnantitatiTe  Datonniiution  of  th«  Tuiooa  Bodies  in  Milk.  -^ 
The  metho<lH  hero  descrilMHl  can  1h'  employe«l  for  oi/icr  fluids  liesides 
milk. 

(1)  The  Percentace  of  Water.  A  weighed  quHiitity  of  milk  is  mixed 
with  a  weighed  quantity  of  fine  .(uartz  sand,  which  has  Insen  previously 
heated  to  rwlness  ami  then  c.Hd.-d  in  a  desiccator.  The  weight  of  the 
mixture  is  accurately  determined,  and  it  is  then  placed  in  a  hot  air  ioith 
heate<l  to  100*  C.  until  all  the  wati'r  has  Ikm  ii  driven  off  and  the  weight 
is  constant.  The  amount  of  weight  lost  corres|)on«ls  to  the  amount  of 
water  which  the  sample  of  milk  conUiins. 

(•-»)  The  Percentaee  of  Proteid.  Thre«!  grs.  of  milk  are  dilutwl  with 
four  times  its  volume  of  distille*!  water,  a  few  c.c.  of  a  .solution  of  scxlium 
chloride  are  ad<led.  and  then  a  solution  of  tjinnic  acid  until  all  the 
proteid  has  In^eii  precipitate*!.  The  pn'cipitjite  is  filtered  otr  through 
an  ash-free  filter  paper,  and  thoroughly  washed  with  distilled  water. 
The  filter  paper  with  the  precipitate  is  removed  to  a  Kj.Mahl's  com- 
bustion flask,  and  the  nitnjgen  estimated  as  descril»ed  on  p.  242.  The 
result  multiplietl  by  6-37  gives  the  total  amount  of  proteid  contained  in 
the  sample  of  milk. 

(.1)  The  Percentage  of  Fat.— The  dietetic  value  ..f  a  milk  depends 
to  a  large  extent  on  the  amount  of  fat  it  cont<iins.  There  are.  therefoie, 
numerous  methods  employed  for  the  quantitative  estimation  of  this, 
some  of  which  are  only  approximate.  The  following  metho<l  (Adam's) 
will  Ih!  found  very  simple  and  sufficiently  accurate  for  most  purposes : 

Measure  5  c.c.  milk  and  drop  it  on  to  a  strip  of  Adam's  fat-free 
porous  paper  ; '  allow  this  u>  dry  in  the  air  Iwth  at  60°  C,  then  roll  it 
up  and  place  it  in  the  extractor  of  Soxhlets  apparatus  (.see  p.  432).  The 
weight  of  the  distilling  flask  is  ascertained  l»efore  Ijeginning  the 
extraction,  and  then  again  after  the  extraction  has  ))een  allowed  to  pro- 
ceed for  ai>out  one  hour  and  the  ether  has  lieen  distilletl  off;  the 
increase  of  weight  gives  the  amount  of  fat  in  5  c.c.  of  milk.  Sufficient 
'  The  paper  can  be  obtained  from  any  of  the  ilealers. 
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t  ther  *houl«l  U»  iiw'd  t<>  fill  tin-  S«ixhUa  im.-  uiul  h  hulf  tiinf*.  himI  it 
ithoiihl  U'  iiuult'  to  «i|)hiin  over  itt  Imnt  twolvo  tim«'>«. 

(4)  Th«  Perc«nUf«  of  Snfur.     Timi  r.c.  niiik  an'  luixcil  with  twin' 
that  amount  of  uhohol  (nii-th.  upt.)  *«>  a^  to  itmipitatf  all  thf  |mit«i<l. 
whuh  in  then  Mwnnl  off.     Tho  pmipit^ito  in  thonmghly  wiwh.-fl  with 
alcohol,    and    thi-    wanhin^H    ar»'    aihlt-il    to    thf    Mltratf.       Kiltnit.- 
an'l    wuHhingH    art'    tht-n    plwtMl    on    thf    watorlwth     till     all    the 
alcohol  has   evaporatod.     The  conU'iiUi  of  the  .'vaiiomting  Iwwin  an- 
then   carefully  wiwhe«l  into  a    100  c.e.   ni.aHuring  cylinder,  and   the 
volume  niiulc  up  to   KM)  o.e.     Thin   in  then  placisl  in  a  liurette  and 
titratwl  with  Ujiling  Fehlingx  solution  iw  dencrilH«<l  on  p.  274.     Ten  c.c. 
FehlinKH  wilution  correspond  to  ()0«7fi  g.  I     ;  'se,  therefore  the  numlKr 
..f  c.c.'«  of  the  (liluUxl  extract  retjuirwl  contanm  ()-<»«7()  fpr.  lactone .     In 
,  ;i!i       (I  calculaU'  the  iwrccnUsje  it  must  Ih»  renn  mln'red,  that  each 
.1.  ,i)  ;>ie  Holution  in  the  hurett*-  >  ■>.  ^inponds  to  0'.  c.c.  of  the  ori>{inul 


(UlU.- 


>•■;  'file  Pereentafe  of  Ash.  \  weij{hc<l  fjuantity  of  milk  i« 
evajKirated  to  dryness  <.i.  •  -f  i  l«th  in  a  weijjhed  cruciMe.  The 
crucihle  is  carefully  heated  over  a  free  flann-  until  a  |K'rfectly  dry 
and  lilack  ash  has  Iwen  ohtain.Ml.  The  Hame  is  now  strengthened  and 
the  ash  is  heated  until  it  U'ctmies  white.  The  cruciMe  is  then  allowed 
to  cool  in  a  desiccator,  after  which  it  is  weightnl. 


CHAPTKK  VI. 


MUSCLE. 

The  Extractives  of  Muscle.  -The  most  im|Hutant  of  ches<  (.e 
Oreatin,  Hypoxanthin  an<l  Xanthin  ("alloxuric  iKKlies"),  and  sirco- 
lactic  acid.  They  can  l>e  separated  from  the  sjime  nuiscle  ext-  wt 
hy  the  following  proce<lurc  : 

500  grammes  of  meat,  from  which  as  much  fat  and  tendon  as  possible 
have  iHJen  remove<l,  are  passed  through  a  mincing  machine;  the  mince 
is  stirred  up  with  '>(«)  c.c.  water  in  a  large  evaporating  «lish  or 
enamelled  Iwsin,  and  heated  on  a  water  l>ath  to  altout  5.5°  C,  for  alnrnt 
half  an  hour.  The  extract  is  strained  thnmgh  muslin,  and  the 
residue  extracted  several  times  in  a  similar  manner,  the  extracts 
l)eing  mixed  tt)gether.  The  proteid  in  this  extract  is  then  coagulated 
hv  l>oiling  and,  after  cooling,  the  coagulum  is  remove<l  liy  filtra- 
tion.     So  far  the  preparation  of  the  extract  should    he  carrie<l   out 
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l»y  the  demonstrator,  or  a  similar  extract  may  Iks  preparwl  hy  dissolving 
some  commercial  meat  extract  in  water. 

To  remove  the  phosphates  and  the  last  traces  of  proteids  from 
this  extract  a  saturated  solution  of  suhacetate  of  lead  is  added  to  it 
until  no  more  precipitate  is  produce<l.  (Care  should  l>e  taken  that  an 
excess  of  the  sul)acetate  solution  is  not  added.  This  may  l»e  ascertained 
by  filtering  samples  of  the  extract  and  seeing  if  these  yield  further 
precipitates  with  the  sulwcetate  solution.)'  The  precipitate  thus 
obtained  is  removed  by  filtration. 

The  excess  of  lead  is  precipitate<l  from  the  filtrate  l»y  pjissing  a 
current  of  sulphuretted  hydrogen  through  it.  The  precipitate  of 
lead  sulphide  is  removed  by  filtration.  The  filtrate  is  then  evaporatetl 
to  small  bulk  (any  sulphur  which  may  separate  out  ))eing  removed  by 
filtration)  and  allowed  to  stand  on  ice  for  two  or  three  days,  when  a 
large  uumlnir  of  crystals  of  rreafin  will  have  separated  out.  These  are 
collected  (,n  a  filter  (and  for  this  pui-pose  a  auction  pump  will  "oe 
found  necessary)  and  are  thoroughly  washed  with  alcohol  until  no  more 
pigment  is  removed.  The  filtrate  is  preserved  for  the  isolation  of  ^hc 
other  extractives. 

The  Chemifltry  of  Creatin.— If  the  oxygen  which  is  attache<l  u> 
the  carlK)n  atom  of  a  urea  molecule  be  displaced  by  an  amido  group, 
the  liody  called  ijuanvHu 


NH 


is  obtained.  If  the  two  hyflrogen  atoms  atUched  to  one  of 
the  side  amido  groups  be  displaced,  the  one  by  a  methyl  ra«liele 
and  the  other  by  acetic  acid,  we  ol)tain  methyl-guanidin-acetic 
acid,  which  is  matin.  It  is  prepare<l  synthetically  by  the  union 
of  cyanamide  CN .  NH^  and  sarcosin  (methyl  amido  acetic  aciil 
CHo .  NH(CH„) .  COOH).  Whei.  cyanamide  is  hydrolysed  by  boiling 
it  with  Imryta  water  it  yields  urea,  and,  consequently,  when  creatin 
is  similarly  treated  it  yiehls  sarcttsin  and  urea.     Thus : 

^N<CHjcOOH  +  H,0  =  O  =  C<^U^  +  CH,  -  NIK^^^ ^^ 

(Creatin)  +  (Water)  =.  (Urea.  (Saicosin) 

On  account  of  this  close  chemical  relationship  it  has  been  supposed  that 

'  The  following  amounts  are  luiUble  for  this  prepaiation :  Ten  gr.  l<ovril  are 
dissolved  in  200  c.c.  water,  Hnd  to  this  i«  slowly  added  60c.c.  of  a  saturated 
solution  of  subacetate  of  lead.  After  the  precipitate  has  settleil  down  a  sample  of 
the  supernaUnt  fluid  in  removed  by  a  pipette  to  a  test-tube  and  tested  with  the 
subacetate  solution  to  be  certain  that  no  more  precipitate  is  pnxiuced. 
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creatin  is  the  chief  precursor  of  urea  in  the  tissues  (see  p.  •-'50).  Creatin 
crv8t4ilii8e8  in  ol>li(iue  rhombic  prisms  (Fig.  150).  It  is  ins'thiMe  in 
alcohol  hut  sohilde  in  water,  esptscially  in  the  heat.  There  are  no 
tests  hy  which  it  nwy  l»e  recogniswl,  liut  it  is  very  easily  changed 
into  creatinin  l»y  iMiiling  it  with  a  mineral  aci«l,  the  reacticm  lieing 
that  it  loses  a  molecule  <jf  water.     Thus : 


XH  =  C 


=  r/ 


NH., 


^N<ri5^C'00H  -  H.,0  =  NH  =  C< 


AH 


-€H, 

(Oemtui) 


^N.: 


XH.. 


3    >C(). 


■  (Water)  = 


X'H., 

(Creatinin) 


Dissolve  a  few  crystJils  of  creatin  in  dilute  hydrochloric  aci<l,  and 
place  the  test-tulw  in  a  lM)iling  water  l«ith.  After  alsnit  twenty 
minutes,  c(jol  the  test-tuhe  and  apply  the  tests  for  creatinin. 

This  pnKcss  oi  dehydration  takes  place  during  thi'  excretion  of 
creatin  into  the  acid  urine.  It  takes  place  with  gieat  ease  and 
this  must  1h!  Itorne  in  mind  when  examining  any  organ  or  tissue  for 
the  relative  amounts  of  creatin  and  creatinin. 

The  Allozaric  Bodies. — The  creatin-free   filtrate  is   made  strongly 
alkaline  with  ammonia,  and  is  then  mixed  with  ammoniacal  solution 
of  silver  nitrate.     The  alloxuric  IsKiies  are   thus  precipitatetl.     The 
precipitate    is    collecte<l    on   a    filter   paper    and   thoroughly    washed 
with   dilute  ammonia,    and    the    hypoxatithin    and    xanthin,    which 
are   the   alloxuric  liodies  represented  in  nuisch.',  are   separaUMl  from 
it  l>y  the  following  methisl :    the   precipitate   is  removed   from   the 
filter  paper  and  dissolved  in  Innling  nitric  acid  (spec.  grav.  11),  a  few 
crystals  of  un^a  In-ing  added  to  the  solution  so  as  to   des'troy   any 
nitrous  acid  which  may  l)e  present,  and  which  woulil  decompose  the 
alloxuric  InxUes.     When  all  the  precipitate  has  dissolve<l  the  solution 
is  quickly  filtered  hot.  and  the  filtrate  is  allowed  to  stand  over  night, 
when  it  will  lie  fouiiil  ihat  a  precipitate  consisting  of  fine  needle-shaped 
crystals  (Fig.  JTU)  has  seiwrated  out.     This  consists  of   hyjMixanthin 
silver  nitratv  comKined  with  nitric  acid  ;    to  remove  the  nitric  acid 
wash   it  with   distilled    water,  transfer  it  from  the  filter  to  a  small 
heaker    and    IkuI    it    with    ammonia    luitil    the    crystjils   hreak    up 
ar.d    l>econie   amorphous,   and   then,    to   remove   the    silvei.    pass   in 
H.,H,  filtiT  off  the  silvei   sulphide,  and  evaporate  the  filtrate  slowly  to 
<lrynes8,  when  a  white  chalk-like  mass  of  hyfi<>.rmUhiH  will  l>e  ohuuncd. 
In  onler  to  ohtjiin  the  .xanthin  silver  salt  the  filtrate  from  hypoxanthin 
should  lie  treate.l  with  ammonia,  when  a  few  yellow  Hakes  of  the  salt 
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will  Ik)  obtained.     To  separate  the  xaitthiii  this  precipitate  is  treated  in 
exacth"  the  siinie  way  as  for  h3'poxanthin. 

Test  for  Hypoxanthin.  -IMaee  a  piece  of  hypoxanthin  in  a  small 
evaporating  dish  with  a  few  drops  of  concentrated  pure  nitric  acid  and 
evaporate  slowly  to  <lryness  :  a  hrilliant  yellow  residue  is  obtained. 


Ki...  iH\  Khi. 

Km.  '.'70.— HyiKixiiiitt'.hi  nilvtr  nitrate.     ^  :«Ki. 
Kii^  -.'Tl.  — Ziiir  saniiliutatc.     x  ;*Mi. 


Coo],  and  then  !ul<l  a  drop  of  scHliuni  hydrate  solution,  when  the  icfiiduf 
will  change  to  orange.  If  th«'  residue  be  dissolved  in  water  and  the 
solutiiiii  again  evaporated  to  diyness  the  <)ning<'  i-olnui'  jxTsists.  thus 
<lirt'ering  fiom  the  ninre.xide  st^iin  which,  when  similarly  Heated,  lost's 
its  colour  (see  p.  L'-iSj. 

Test  for  Xanthin.  Repeat  the  same  te.st  as  fur  liyjio.vaiithin  and 
note  tliat  the  sodium  hydrate  produces  in  this  case  a  deep  red  colour, 
which  [»ersists  on  di.s.solving  in  water  and  evaporating. 

Sarcoilactic  Acid.  The  anu.ioniacal  filtrate,  from  which  the  allo.xurii- 
ImmHcs  have  l<een  se|xuated.  is  treated  with  sulphuretted  hydrogen  gas 
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80  as  to  remove  the  silver  which  it  contains:  the  silver  sulphide  is 
Hlterc«l  otf,  and  the  filtrate  evaponitwi  till  all  the  ammoniii  has  W-en 
expeUe<l.  It  is  then  niaile  strongly  acid  with  sulphuric  acid,  and  the 
lactic  acid,  which  is  hereby  lilHjrated,  is  dissolve.!  out  l>y  shaking  it  in 
a  separating  fuiniel  with  ether  (the  methinl  employ*"*!  is  th*-  same  as  that 
descrilxMl  for  separating  fats  and  soaps  on  p.  IX'J). 

After    extracting   three   or   four   times,   the    ethereal    extracts   are 
combined  and  the  ether  evaporated  away  by  placing  on  a  waU>r  l«th 
heated   to   alMMit    00°    C,   the  flame  underneath    which    has  U-en   ex 
tinguishe*!.     An  acid  syrup  remains  Iwhind  ;  this  is  impme  lactic  acid. 
In  onler  to  purify  it,  dilute  three  tim.-s  with  water,  bring  the  resulting 
solution  to  the  IniiUand  then  carefully  a<!d  jxtwdcred  zinc  c^rlK.nate  until 
the  reaction  is  neutral.     FilU^r.     Kvap<»raU'  the  filtrate  to  small  bulk, 
and  add  an  ecjual  bulk  of  spirit  and  allow  t  .  stand,  when  zinr  s,im^- 
hvMf   will  crystallise   out   (Fig.  -271).     Th.-  zinc  sidt  is  filtered  ott', 
wivshed  several  times  with  spirit,  dissolved  in   water,'  and  th.-  zinc 
separatee!   by   passing  a   stream   of   sulphurett<'d    hydrogen    through 
the  solution.     The  zinc-free  filtrate  is  then  freed  ..f  watci'  by  evaj)oni- 
tion,  when  the  liidir  wul  is  obtained  as  a  syrup. 

Cmemical  Eeactions  and  Teats.  -The  thin!  momln'r  of  the  fatty  acid 
series  is  called  Propionic  acid,  and  has  the  formula  CH,(;HX'(M)H.  If 
one  of  the  hydrogen  at4>m8  of  the  central  methyl  group  of  this  Vh- 
replaced  by  a  hydroxy!  radicle,  we  obtain  lactic  acid,  which  has,  there- 
fore, the  formula  CH,  CH(OH) ,  COOH.  liy  examining  this  furmula 
more  closely  it  will  be  seen  to  contain  an  asymmetric  carl w.n  atom  ;  that 
is    to  say,  an   atom  of  carlM)n  whose  affinities  are   .KMiipied    l»y    four 

dissimilar  radicles.     Thus  : 

II 

H.,t  -  e-cooH 


OH 

Now,  it  will  be  rememl«!rcd  when  .studying ciiii.ohy(!ratcs  that,  when 
such  a  condition  ;i.s  this  cxi.>*t.s  the  subsUin.v  has  stcrc^x-hi'inical 
prop<Mtics,  / /'.  that  it  i  states  the  plane  of  polarist'd  light,  and,  inorcov.-r. 
that  it  prcsup]>osos  the  cxi.stencc  of  two  ImkII.'s  with  the  same  .-^tinctnral 
fornuilac,  ami  .;onse(iuenth  {x.ssessiiig  the  same  clicmical  icitctions,  l>ut 
dithering  fn>ra  one  anotln-r  in  their  stereoch.  mica!  Iwhaviour,  one 
rotfitiiigto  tlie  right,  the  other  to  the  left  It  also  ]Mv.sn5)i.oses  that 
there  may  exist  a  IkkIv  uhich  is  ^)pticHlly  inactive,  being  conijH.s.'d  of 

'  The  watery  bolutioii  should  lie  i vapor«ti-l  until  the  .ryslalH  of  /in.'  saico- 
lactate  bejiii.  to  apijear,  this  being  ao-ertuiuv.l  hy  exuniuiiig  :i  'Irop  uii.l.i  the 
iiiiiTOBCope. 


J( 
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*n  active  iiiui  an  inactive  molocule.  There  are  ac-conlingly  three  liietie 
aeids,  and  two  of  these,  viz.,  the  inactive  and  ilextrorotatory  occur  in 
the  ImkIv.  The  former  of  these  is  prcKluced  1>y  the  fernientntion  of 
lacU)8e  (see  Milk),  and  the  hitter  is  sarcolactic  acid. 

There  are  two  important  chemical  reactions  for  iHith  fonns  of  hictie 
acid.  The  one  is  Ujfi'lmann's  rniriion  (see  p.  18H).  The  other  consists 
of  the  fact  that  their  ::inr  (ml  nilmim  salts  eiystallise  in  small  four-.side<l 
prisms,  and  their  calcium  salts  in  fine  needles  arranged  in  clusters 
(fig.  L'71). 

The  amount  of  lactic  acid  increases  very  much  during  the  <leath  of 
the  muscle,  and  it  is  also  said  to  Ik;  increased  in  amouut  by  muscular 
activity.  It  must  lu'  remarkwl,  however,  that  in  order  to  (lemt)nstiate 
a  distinct  increase  aft^r  nuiscidar  contraction,  it  is  necessary  to  subject 
the  nujscle  to  prolonge<l  stimulation,  and  that,  afU'r  this,  the  death  of 
the  nniscle  is  accelerated.  It  is  prolial.ly  from  the  proteid,  and  not,  as 
was  at  one  time  8uppt>setl,  from  the  glycogen  that  the  lactic  acid  is 
<lerived. 

Garnic  Acid.-  If  a  weak  solution  of  ferric  chloride  he  a<lded  to  a 
muscle  ixtract  (from  which  the  protcids  ha\e  been  removed  by  lM)iling 
and  the  phosphates  by  the  addition  of  cidcium  chloride  and  ammonia) 
a  brown  precipitate  is  obtained.  This  is  called  Carnifrrrin,  and 
consists  of  the  iron  sjilt  of  u  bmly  calletl  ph(»spho-carnic  acid.  If, 
further,  the  phosplii)ri(  acid  and  iron  be  split  otl'  from  this  we  obutin 
4-arnic  acici,  and  this,  curiously  oiough.  has  the  same  formula  as,  and 
gives  nearly  all  the  reactions  of,  anti  peptone. 


(  HAFTKK    Vll. 


I)I<;kstion. 

dMi*e  The  Acidity  of  the  Oaatnc  Juice.  -  f^esides  (lunslwrgs  t.-st 
l<n  iiVi'  luii,  rai  ai-id.  theie  remains  mother  very  di-licatc  one  kiiowji 
a.s  the  Tropaeolin  test. 

f'la.  e  a  drop  of  a  i?at.iiatcd  solution  of  Tropac<4Jii  <H )  in  94  per  cent, 
mctfeylat.tl  s[)irif  on  a  white  slid.,  nsid  d?v  k  with  nKKlcraie  h'-it 
<•<(!  v.).  To  the  still  warm,  d.-y,  yellow  statn  which  remains  apply  a 
drop  of  th,>  filtered  gastiic  juice.  A  hhic  violet  colour  is  prod.uced 
ff  tr;-f  hvdr(/ch!ori(  ac^d  be  piescnt.  The  reacii-ui  is  obttiiiied  with 
other  niucial  i\ri(b  besides  hydrochloric,  but  oniy  if  these  be  pic-^tnt 
in  ((.ijsiderable  iniount. 

ft    nuiKt    be    noted    that  a  negative  result  witii     ither   (JmislM-rgs 
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i.r  the  Trojweoliii  tf8t  <1«h'!*  not  I'xilnilf  thf  prcsfiic.'  ..f  a  tian-  of 
hydrochloric  acid,  as  ih-iMoiic,  ft<„  may  nuwk  the  reaction.  If  th.' 
reactions  1m^  positive,  however,  the  prewnce  ol  free  iiyiiriKitlonc  aci.l 
may  l>e  assumtiil. 

Tests  for  Organic  Acids  (hictic  acetic  and  Uutyric).  As  exphiined 
a)M)ve,  these  acids  In-come  develop«'d  when  there  is  a  detici.-n.y  of 
hydrochloric  acid  in  the  gastric  jnice,  for  then  micro-ornanisms  f.'ro\v 
in  the  jjastric  contents,  and,  l>y  their  iwtion  on  the  fo.Kl-stnrts.  leatl 
to  the  pnxluction  of  orpmic  acids. 

In  or<ler  to  test  for  them,  it  is  In^st  to  extract  the  ga.strii^  contents 
(v(miit)  with    ether.       For   this    i)nrjM)se    shake    up   alM)nt    _'<>   c.c.   of 
the    fluid    with    alnMit    fiv.'    times    its    hulk  of    ether  in   a   separating 
fuimel    as   ilescril)ed    on    p.   iXi.       Hemove  the  ethereal  extract,  and 
divide  it  into  two  portions  A  and  B .  place  each  portion  in  a  jjorcclaiii 
liasin.     Allow  B  to  sUind  exjjosed  to  the  air,  and  place  .1  on  a  warme<i 
water  iiath.     After  the  ether  has  evaporated  in  . /,  dissolve  the  residue 
in    wat«r  and    apply    Utfelmann's   reaction   (see    p.    IHS)     a   |H.sitive 
result   indicates  Inrti,-  neid.       When    the    ether    has   exa]»orate<l    from 
B,  dissolve  the  residue  in  water  and  divide  the  resultinj;  solution  into 
two  parts.      Neutralise  one  of  these  with  wxliuni  carlM.nat.'.  and  add 
a  drop  of   a   very  dilnte  solution  of  terric  chloride     the   red    coloni- 
indicates  the  presence  of  (icelk  I'ciii.     To  the  other  pirt  add  a  small 
fragment  of   calcium  chloride.     If   oily  drop  apptsar  on   the  surface 
hulnric  add  is  present.     Since  Ix.th  these  acids  in  B  are  volatile,  they 
wcmld   he  driven    off   unless   the   ether   had    Ih-.-u    evaporated    at   low 

temperature. 

Estimation  of  Total  Acidity  of  Gastric  Contents.     A    measineil 
.|uantity  (10  c.c.)  of  filtered  gastric  contents  is  mixed   in  an  Krlen 
meyers  flask  with  ten  times  its  bulk  of  distilled  water.     Two  or  three 
dropH  of  a  solution  of  phenol-phthalein  are  added,  and  the  nolution  is 

titrated  with   "   sodiimi  hydrate  solution  (see  p.  •J44)  until  a  iK-rmanent 

pink  colour  is  just  ol.Uuned.    The  Huml>er  of  c.c.  of  wxla  reijuirwl  is  read 

off",  and  the   result  expressed   a.s   the   amount  of    ^^    alkali    recjuired 

to  neutralise  the  acids  in   100  c.c.  filtered   ga.stric   conteiith.      Thus. 

an  acidity  of  40  would  mean  that    fO  ( 

Ikjuk  reiiuircd  to  netitralise  the  acids  of  100  e.c.  gastric  cont^jnts. 

Estimation  of  Hydrochloric  Acid  present  (Metluxl  of  Miirncr  and 
Sjo.ivist).-  10  c.c.  filtered  ga<tnc  contents  are  placed  in  a  silver 
haain  (although  a  go<Ki  iM)rcelain  evaporating  <lish  may  do),  and  mixed 


(f  "   .sodium  hvdrate  had 
10 


I 
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with  pure  powdeml  l»ariuni  carlxmate.  The  barium  comlnnes  with  the 
hv<lritchloric  acid  U»  form  Itarium  chloride ;  aiul  with  a  lactic  acid  to 
form  liarium  lactate.  The  whole  is  carefully  evaporated  to  dryness  on  the 
water  bath,  and  the  residue  is  incinerated  over  a  free  flame.  By  this 
treatment  the  luirium  lactate  is  oxidised  to  iitirium  carlwnate,  whereas 
the  chloride  remains  unchanged.  After  cooling,  the  residue  is  treated 
with  Iwiling  water  and  filtered.  The  filtrate  contains  the  loirium 
chloride.  It  is  acidifie<l  with  sulphuric  acid  and  Iwiled,  whereby 
the  Imrium  is  precipitated  as  liarium  sulphate.  When  the  precipitate 
has  settled  it  is  collected  on  an  ash-free  filter,  dried,  incinerated  in 
a  platinum  crucible,  and  the  l»arium  sulphate  thus  obtained  weighed. 
(Jne  molecule  KaSO^  ecuials  two  molecules  HCl,  or,  expressed  gravi- 
metrically,  -'.$.3  paits  BaSO^  correspond  to  7.?  parts  hydrochloric  acid. 

Method  of  Preparation  of  Pur*  Oastric  Juice.  -The  most  satisfactoiy 
method  for  obtaining  pure  gastric  juice,  unmixed  with  semi-<ligested 
fo<Ml,  is  Pawloic'.i.  This  consists  in  removing  the  secretion  from  an 
i8olate<l  pouch  of  sUmiach  so  prepared  that  the  nervous  and  hlofxl 
connections  are  the  saimc  iis  those  of  the  stomach  itself  (see  Experi- 
mental Physiology). 

The  methods  employed  for  obtJiining  the  ferment  from  the  gastric 
mucosa  after  death,  always  yield  an  impure  pro<hict  on  account  of 
the  ferment  adhering  to  the  pioteoscs,  which  are  always  present. 

To  Prepare  the  Extract  the  thoroughly  washed  stomach  of  the  pig 
is  taken,  and  the  muco.sa  is  scraped  ott"  with  a  knife.  The  scrapings 
are  mixed  with  a  large  excess  (100  times  their  bulk)  of  0-4  per  cent, 
hydrochloric  acid,  and  the  mixture  i.s  digested  for  .several  hours 
in  the  incubator.  The  extract  is  then  filtered  through  muslin,  and 
may  lie  employed  for  general  work  without  further  purification.  In 
order  U>  sepjuate  the  pepsin  from  the  excess  of  prottfoses  which  this 
infusion  contjiins,  the  digestion  should  be  allowed  to  proceed  for 
>ti-veral  days,  so  that  the  proteoses  may  become  changed  into  peptones. 

The    product    is    saturated    with    ammonium    sulphate    crystals the 

resulting  precipitate  of  undigested  proteoses,  whi<li  carries  down  the 
pepsin  with  it,  is  pressed  free  of  fluid  and  again  inculiated  for  .several 
days  with  05  jK'r  cent.  liy<lnKliloric  acid,  after  which  the  digest  is 
again  saturated  with  auiniotiium  sulphate,  the  resulting  precipitate 
being  approximately  jHue  pepsin. 

The  scrapings,  after  ii»'iiig  treated  with  w<'ak  acid  to  convert  the 
pepsinogen  into  pepsin,  can  also  Ik;  extra(te<l  with  glycerin.  This  is 
the  method  whi(h  is  most  used  conunerciallv. 

Method  of  Separation  of  Products  of  ftwtric  Digestion.  P'ibrin  is 
lK)iie(l  first  with  tap  water,  and  then  wifli  01    pn    i  ent.   hvlrochhirio 
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avci«l  to  purify  it.  It  is  pliicwl  for  1-2  hours  iu  au  ineulwitor.  aloiij,'  with 
five  times  it^  volume  of  artificial  gastric  juice  prepaml  as  aln.ve,  or 
with  five  times  its  Imlk  of  ()-2  percent.  hy<lr<K;hloric  acid  an<l  a  sixth  \U 
hulk  of  commercial  peptic  extract. 

The  products  of  digestion  can  Ik;  separaUnl  fn.m  this  digest  l.y  the 
following  prftcess : 

(1)  Boil  the  solution  in  a  linker  or  Iwsiu,  cmd  antl  separate  the 
<!oagulated  native  protaid  l>y  filtration. 

(2)  Carefully  neutralise  the  filtrate;  with  1  per  cent.  »o«liun; 
carlwiiate  solution ;  the  acid  albumiii,  which  is  precipit4ite<l,  is  separau-*! 
liy  filtration. 

(.1)  The  resulting  filtrate  is  now  saturated  in  the  col<l,  with  ammo- 
nium sulphate  crystals.  This  precipitates  most  of  the  proteose.''.  Filter 
and  wash  the  precipitate  with  saturated  ammonium  sulphat*;  solution. 
Preserve  the  filtrate  and  washings  which  conUiin  peptone  and  tntces  of 
secondary  proteoses  (label  it  B),  aiul  proc-eed  to  examine  the  jmrifitate 
(laliel  it  A). 

(4)  Dissolve  the  pi-oteose  precipit^itc  A  in  distilleil  water.     Remove 
samples  fnmi  the  resulting  solution,  and  apply  the  tests  for  pn.teoses 
(nitric  acid,  salicyl  sulphonic  acid,  biuret,  etc.  (see  p.  223).     Place  the 
remainder  in  a  large  evaporating  dish,  and  l)oil  with  powden-<l  Imrium 
carlwnate    till    no    more    ammonia    gas    is    evolved.       This    removes 
ammonium  sulphate  from  the  solution,  the  l.arinni  uniting  with  the  snl- 
phuric  acid  to  form  insoluble  barium  sulphaU>,  and  the  lilM'rated  carbonic 
acid  and  ammonia  In-ing  driven  off  by  the  heat.     Filter.     The  filtrate 
contains  the  proteoses.    Saturate  it  with  sisHum  chloride.    A  precipitate 
of  primary  proteoses  results  (lalH,'l  it  C).     Filter.    The  filtrate  conuiins 
the  secondary  proteose   which  has  not  Wen  precipitated  by  s.xliimi 
chloride    (lalwl   it   D).     The    precipiute    of    primary   pn.teoses   (C)  is 
washed   with   a   satuiaUMl   solution  of  s<Klium  chloride,  and   dissoive<l 
in  distille<l  water.     The  resulting  weak  saline  solution  is  placed  in  a 
dialyser   against    running    water  for   several    days,   and    then    against 
distille<i  water.     The  precipn,>te,  which  forms  in  the  diidyser,  is  hetero- 
proteoM  as  this  is  insoluble  iii    'i.stilled  water.     Collect  it   on  a  filter 
jtaper.  'vash  and  «try.     'ihe  ^V-.^u-  c(nitaiiis  proto proteose,  which  may 
in*  precipit!ite<l  by  the  addi'.  -n  of  alcohol,  and  the  precipitate  filtered 
and  dried.    The  filtrate  ( .'  .  <  i)mainin.j;  secondary  or  deutero-proteose  is 
acidifieil  with  .icetic  acid,  where'oy  th*'  proteose  is  precipitated.     It  is 
washed  with  alcohol  and  (h>'<i. 

The  Impure  Peptone  Soiation  (B)  is  now  saturated  with  ammonium 
sulphate  erystwls  at  boiling  temix'iatnre,  first  in  acid  reaction,  and 
then   in   alkaline   reaction.     It    is    then   cooled  and   tiltcrcd.     \h\    tliia 
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means  uil  traces  of  |)rottH»8e  are  rcino\e<l.  The  filtrate  is  then  lK)ile<I 
with  8oli(J  Jtarium  curlMinate  till  no  more  animoiiia  iM  given  off,  f«x)le«l, 
and  filtered.  The  peptone  in  the  filtrate  may  J>e  precipitjite*!  hyadiling 
alcohol.  'I'he  p^jptone,  thus  olitaineil.  is  of  two  kinds,  anti-  and  haoii- 
peptone.  These  may  Ihj  separated  from  one  another  Ity  suUjecting  the 
p«iwder  to  tryptie  digestion,  whereliy  the  hemi-peptone  is  furthei- 
digested,  the  anti-jwptone  remaining  unchanged  (see  Tryptie  IHgestion, 
p.  226). 

The  various  reactions  descrilnHl  on  page  224  should  l»e  applied  to  eat^h 
of  the  separated  prcKlucts. 

Method  of  Estimating  Activity  of  Pepsin  Solutions.  ( 1 )  Orntsner's 
Method.  -Fihrin,  purifie<l  as  alM)ve  descrilted,  is  stained  with  carmine 
solution',  and  washed  free  of  adherent  stain.  VA\m\  weighed  quantities 
are  then  placed  in  two  test-tulws,  and  10  c.c.  of  0-2  per  cent,  hydro- 
chloric acid  are  added  to  each.  Ecpial  fiuantities  of  the  pepsin 
solutions  which  it  is  desired  to  test  are  added,  and  the  tultes  placet!  in 
the  iiicul)at<)r.  As  the  filirin  Injcomes  digeste«l  the  carmine  is  lil)erated, 
and  stains  the  solution.  The  more  deeply  staine<l  solution,  therefore, 
contains  the  stronger  femu'ut.  The  exact  amount  of  eurmine  lil»erated 
mav  l>e  deU'rminod  l»y  curiijwiing  the  digests  with  an  artificial  scale 
consisting  of  ten  -n[uti«)n,s  of  cannir.-!  of  different  known  strengths. 

(2)  Metfcs  Mis*iiud.  A  capillary  tulie,  1  to  2  mm.  in  diameter,  is 
filled  with  egg  white,  and  is  then  heated  so  that  a  column  of  coagulated 
alltumin  is  obtained.  It  is  then  cut  into  w>gment«  of  ecjual  length  and 
two  of  these  are  pl,ice<l  in  a  test-tulw  which  ((witains  the  pepsin 
solution  acidified  with  '>-'  jn^r  cent,  hydrochloric  m'vI.  Two  similar 
tulies  are  placed  in  another  tcst-tuU'  with  the  other  pepwin  solution. 
Both  are  placed  in  the  inculwior  f.)r  several  (10)  himrs.  The  length  of 
dissolved  proteid  colunui  is  then  measuicil  in  hoth  cas«!s.  am!  the 
desired  result  is  ohtaintil  by  stf.iaring  this  .iistauce. 

Thus  if  in  one  te.st-tulK'  .:,  lengtli  acre  -',  and  in  the.  other  3,  the 
strength  oi  the  two  jH!|'sin  .olutions  hits  the  ratic  of  4  ti>  !•. 

Conditions  which  Influence  Activity  of  l>»fsin  Solutions.  (U 
Amount  of  Pepsin. — The  more  pefisiii  addeil  the  quicker  the  digeseiou. 
provided  that  th"  ^<\<  '  icts  of  digestion  are  not  simultaneously  increase<l 
in  amount. 

(2)  Produfits  of  Digestirn. —  ihc  locumulation  of  these  tends  to 
hindei  Sim  d't'.estiop. 

{.'1,  T?^mperature.     Peptic  .ligesHon  \»  .nost  active  at  hotly  tt-mpera- 

'  Hmbo. .e  '■  jr..  c^iijnine  in  1  c  c.  iMi.tiu  liu  antl  mix  with  400  c.c.  distilled  water. 
Place  ill  a  liv  -  '  ,•  rtoppercd  bottio  till  tlie  unit : '  of  ammonia  hu  become  faint,  and 
then  cork  tigt'  i_ . 
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tmc,  but  g«HJ8  on  W-w/y  even  iit  /.or...  A  t«ni|H'raturo  of  5:.*  C.  kills  the 
feimeht  in  noutijU  solution,  but  it  is  not  -lostn.yod  till  7(»°  C.  if  the 
solution  react  iieifl. 

(4)  Preliminary  Action  of  Hydrochloric  Acid.— If  fibrin  Ik;  prcventwl 
from  swelliu};   by    the   a<l<lition  of   neutral  wilts,   digestion   is   mueh 

slowed. 

(5)  ForeignBodies.   -Antiseptics  hinder;  arsenic  hastens  ;  anunh  rate 

amount  of  alcohcl.  if  anything,  hastens  ;  an  excess  reUvnls. 

Action  of  Churtric  Juice  oa  variouB  Subetancee.    (I)  Collacen.- 
Chai'gc.I  .nto  gelatine  aiiil  then  into  gelatine  i>eptone. 
\2)  Mucin  is  changed  inUj  a  reducii:g  Inxly  and  jjeptone. 
(.1)  Elastin  is  oidy  very  slightly  affected  by  gastric  digestion. 
(4)  Haemoglobin  is  split  up  hiU)  haematii-  and  peptone, 
(."i)  Pat.— The  gastric  juice  dissolves  the  collagen  of  coiniective  tissue, 
and  the  proteid  envelopo  of  fat  cells,  and  thereby  lilwrates  the  fat  as  oil. 
(6)  Carbohydrate.— Disaccharides  are  slightly  inverte«l  by  the  acid. 
Digeetibility  |of  Various  Pood-StulTs.   (1)  Meat.— The    more  cr.m 
pact  the  fibre,  the  It*?  <lige8tibl'>  is  the  meat,  w.  that  pork  is  nnurh  less 
digestible  than  a  steak.     The  more  fat  that  exists  intimately  mixe«l 
with  the  fibres,  the  less  digestible  i.s  the  moat,  Iwcause  the  fat  melts  and 
coats  the  fibre  with  an  oily  layer  which  prevents  the  jK'pin  coming  in 
conUict  with  it.     Goo.se  is,  therefore,  much  less  dij^chtiMe  than  chicken. 
Hy  rmkiiKf  the  meat,  the  collagen  between  the  fibres  is  convert«<l  into 
gelatin,    in   conse.iuence    of   which    the  fibres   themselves   are  sooner 
attacked  by  the  pt^psin.     On  the  other  hand,  by  heating  the  meat,  we 
coagulate  the  proteid,  and  coagulated  proteid  is  kss  digestible  than 
Hui<l.      For    iwrsons    with    weak   digestive    powers    it   is,   theivforc, 
frwpiently  desirable  to  oitl'      raw  steak  which  has  1»een  thoroii-;hly 
minced  and  pounde<l  in  a  ni  Mai  so  as  to  dissociate  the  fibres. 

(•2)  Bread.— S.Klden  bread,  or  bread  t^Mwtetl  with  butter,  is  very 
indigestibl.!  boc.iuse  the  gii.strie  juice  cannot  iwiietrate  it.  On  the 
..ihcr  hand,  well  aiTattnl  brea.1,  or  stide  brea.l  is  ea.sily  digested, 
iMK-ause  the  juice  can  easily  soak  into  it.  Mrown  bread  is  not  so 
digestible  as  white  l>rcad,  because  it  contains  a  considerable  amount 
of  the  husk  of  the  grain  which  consists  of  cellulose.  It  is,  however,  a 
very  useful  article  vt  diet,  Iwcause  this  cellulose  acts  as  a  mil<l 
mechanical  laxative  on  the  intestines. 

(3)  Vegetablea.- Most  green  veg.^tables  are  very  slowly  acted  on  by 
the  gastric  juice,  and,  of  these,  cauliHower  is  the  most  easily  digested. 
Where  there  is  a  deficiency  of  liydr.)chlnric  acid  in  the  intestines, 
urgani.snis  are  apt  to  gro-v  on  the  cellulose,  un<l  load  to  the  pro<luction 
of  gases  which  cause  flatulence. 
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(4)  Meat  Extract*.— Mt)Mt  of  them)  conuiii  very  littlo  proUtiil,  liut 
eoii8iitt  niiiiiily  nf  extrac-tivi-s.  Those  extmctivfn  fomi  oiio  of  th«  mont 
|)owt'rful  iliri'fl  ^tixtrif  HtinuilaiitH  we  know  of.  It  w,  therefore,  iin 
iulviintagu  to  «t«rt  a  iiu'hI  with  soup,  not  iK-caum!  it  in  niitritiouH,  luit 
iKH-mwe  it  Htiniiilntei*  the  ^luttrie  glHn<ii«  to  iiKieiutetl  m^ivity. 


CHAI'IKU     VIII. 


I'ANCRKATir  DKiK-STlON. 

The  Productf  ol  Dicestion  of  Proteids  by  Trypsin.  The  niethiMJ  of 
pre|Hinng  the  digest,  and  the  eheniieal  nature  of  the  prcNliieta  of  it, 
have  alrea<ly  Iteen  (Ie«eril>e<l  on  page  '2'27.  All  that  remains  to  deserilK' 
here  is  the  niethiMl  for  separating  the  more  important  of  these  prodiuts 
( Tyrosin,  Leiiein,  and  Anti|)ept«)n).  If  it  Ik-  (iesired  to  isolate  the 
hexone  l)a«es,  thf  iiKtliod  deserilKMl  on  page  42B  may  l)e  employed. 

Separation  and  Properties  of  the  Chief  Prodncta  of  Tryptic  Digestion 
of  Proteids. — 200- •_'.')()  gr.  fihrin,  or  the  whites  of  four  eggs,  are  digested 
ill  alkaline  reaetion  for  tH  hours  with  ii  minced  jMincreas,  several 
erystals  of  thymol  being  a<lde<l  to  prevent  excessive  Ixicterial  growth. 
The  digest  is  mailc  very  faintly  aiid,  and  lK)ile(l  to  remove  any  native 
proteid  or  alkali  alliumin  which  it  may  conUiin.  A  sample  of  the 
filtrate  is  removed  and  testtnl  for  proteose.  A  negative  result  is  usually 
obtained,  since  iio  primary  jnotensi--^  are  developed  during  tryptic 
<ligestion. 

1.  Separation  of  Tjrrosin. — The  remainder  is  evaporated  on  the 
water-hath  to  a  thi'i  ymp.  This  is  allowed  to  stand  on  ico  or  in 
a  cold  place  for  s-cver  d  <lays.  White  HfH-culi  of  t/frosin  separate  out. 
These  are  filtered  through  fine  muslin,  and  removed  to  a  Waker  Ity 
means  of  a  jet  of  cold  distilled  water  aii.l  washed  everal  times  with 
<Ii8tUlcd  watc!'  t>y  decautatiftn.  They  art  then  <lissolve<l  )>y  lioiling 
with  wat«r  matle  alkaline  by  the  iulditiou  of  a  few  cirops  of  ammonia, 
and  the  resulting  solution  is  quickly  filtered  hot.  The  filtrate  is 
heated  till  all  the  ammonia  is  expelled ;  it  is  then  i  uolcd,  when  the 
tyrosin  sepai'itec  out  as  a  white  precipitate.  This  is  collected  on  a 
filter  pjiper,  washed,  and  dried.  The  following  readions  may  be 
applied  to  the  resulting  pow<ler  : 

(1)  Tyrosin  is  insoluble  in  cold  water,  slightly  soluble  in  hot  water, 
and  very  soluble  in  dilute  alkali. 

(2)  A  sohition  in  hot  water  gives  a  red  colour  on  the  addition  of 
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MilloirH  r«4ig«Mit.     Thin  in  Ihvhuiuj  tynMiii  foiiHiiim  hii  arimmtif  riMlicl.- 

(p.    >72). 

{^)  Pinn*  Tfnt.  -I'lftci'  hoith-  of  the  iM>w»lir  in  a  drit'tl  t»'Ht-tuU',  iwhl 
uJxMit  •!  e.c.  <-<»iicfntmt«'<l  Kiilphiirii-  luid,  uikI  plm*-  th«!  tont-tiiJK'  in 
H  )i»»iliiig  wrtttT-lwth  for  half  an  hour.  Now  iih)!  anti  ililuto  with 
WHU-r,  tniiiMfff  to  an  t'va|)oratin>{  Ixisiii,  ami  rt-niovc  the  Mnlphiiric  uriil 
»>y  iMhlin^  powdt-nnl  Jmrivnn  ciirlxMiatv  .  tiltt  r  ort'  the  kiiinni  siilphat*', 
evaporat<i  the  filtrate  to  small  l«nlk.  and  aihl  a  diitp  or  two  of  vt-ry 
woak  fi'rric  chloiidf  sohition.  A  vioU-t  colonr  ithuUh.  This  nwtion 
in  ihu!  to  the  formation  of  tynwin-dnlphurie  aciil. 

2.  Bapantion  of  Lencin.  The  tyrosin-fn-e  filtmtf  is  fvaixmitf*!  till 
a  skin  of  leiicni  forms  on  the  snrfac*".  It  is  then  niixtd  with  wvcml 
times  its  bulk  of  alcohol,  wherehy  the  antipepton  hieh  it  contains  is 
precipit)ite<l,  the  leuein  remaining  in  solntion.  I'he  precipitate  is 
remov(Hl  by  tiltralioii,  and  the  filtrate  evaporat*^!  to  drynewt :  the  renidue 
is  Lfiuin. 

I!ea< turns  of  LcHiin.  (1)  It  is  nnich  more  solnble  in  water  than  is 
tyrosin  ;  i(  is  sohible  also  in  alcohol. 

('J)  When  heated  in  a  piece  of  dry  glass  tubing,  a  sublimate  forms  «)n 
the  c<K)l  jMirtw  of  the  tube. 

(.J)  Like  oilier  amido  acid.s,  it  giv«'8  off'  annnonia  gas  when  healed  in 
a  test-tul>e  with  a  piete  of  solid  caustic  jxitash  and  a  few  drojis  of  water. 
If  the  melt  be  tuuled,  di88«)lveil  in  water,  and  then  acidified  with 
sulphuric  acid,  i'  gives  a  smell  of  valerianic  acid  on  heating. 

(4)  Siberer's  Test.  Heat  .some  lencin  with  a  drop  of  nitric  acid  «>n  a 
])iece  of  platinum  foil,  adtl  to  the  dry  residue  some  caustic  isilasb,  when 
a  yellow  suiin  results.  Heat  still  further,  and  the  sUiin  ri.-^cs  up  into  a 
globule  which  r\ui8  of!"  the  platinum. 

(.'»)  Examine  a  solution  of  lencin  with  the  jxilariscope  (p.  4-Jl).  It  is 
ihjttioiotntoiti  ((a),,  =  1 7;")).  The  Icucin  v.hich  is  obtained  by  boiling 
])rotei<l  with  baryt^i,  or  that  obtaine<l  .synthetically  .  uy  the  action  of 
ammonia  on  «-bromocaprf«ic  aci<l)  is  o/ilitdllij  imulire,  and  the 
liirwiuhdwij  form  may  be  obuiincd  fnmi  this  by  allowing  iKMiicillinm 
g  lucnm  (a  fungus)  to  grow  on  a  solution  of  it.  The  fungus  destroys 
the  dextn)rotatory  put,  but  leaves  th !  laevorotiitory  untouched. 

The  Diastatic  Action  of  Pancreatic  Juice.  This  can  best  be  stuilied 
with  an  infusion  of  minced  piincreas  piejjared  at  40"  t'.  The  nici  kI  is 
;he  same  as  that  for  ptyalin  (p.  21 H). 

The  Fat-splitting  Ferment  (the  i  lethod  of  demonstrating  this  is 
ilescribed  on  page  231). 

Steapsin  is  not  soluble  in  glycerine,  so  that  a  glycerine  extract  of 
pancreas  cannot  be  employed  for  this  experiment. 
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Tryptophan.— It  will  be  noticed,  especially  when  it  is  iMrtled,  that  a 
iwiicreatic  digest  is  coloured  brownish  red.  This  is  du'3  to  a  pigment 
called  tryptophan,  which  is  produced  from  the  protcid  dining  pancreatic 
digestion.  If  a  little  bromine  or  chlorine  water  be  iwlded  to  a  sample 
of  the  digest  a  red  violet  colour  is  produced.  The  compound  which  is 
hereby  formed  has  been  analysed,  and  found  to  be  closely  allied  t«) 
haeiaatoporphyrin. 

BAUTKRIAL  DKiESTION. 

This  is  studied  by  allowing  the  artificial  pancreatic  digest  to  proceed 
without  the  addition  of  thymol.  To  obtain  the  aromatic  bodies  (see 
p.  •2-27)  which  are  producecl,  the  following  method  is  employed  : 

The  digest  is  placed  in  a  large  Hask  connected  with  a  Liebig's 
condenser  and  distilled,  the  distillate  being  received  in  a  smaller  fla.sk. 
After  distilling  for  about  an  hour,  a  .siimple  is  removed  from  the  distd- 
hite,  to  which  the  following  reactions  for  aromatic  bodies  may  l)e 
applied  : 

(1)  Note  the  penetrating  faecal  odour. 

{■2)  Legal's  Test.— Place  about  5  c.c.  of  the  distillate  in  a  test-tube 
and  add  a  droj)  or  two  oi  a  weak  watery  solution  of  sodium  uitio- 
prusside.  A  red  colour  results,  which  is  very  much  intensilied  by 
the  addition  of  a  drop  of  20  per  cent,  caustic  potiish.  Now  acidify 
with  acetic  acid,  when  the  red  colour  will  be  replaced  by  blue. 
These  are  the  colours  obtained  when  mlol  is  in  excess ;  if  dutol  be 
in  excess  the  red  is  replaced  by  a  yellow,  and  the  blue  by  a  violet 
colour. 

The  remainder  of  the  distillate  is  shaken  with  ether  in  a  separating 
funnel.  The  ether  dis.solviv<  out  the  aromatic  bwlies  along  with  volatile 
fatty  acid.  The  ethereal  extract  is,  accoi-dingly,  shaken  with  weak 
caustic  alkali  which  removes  the  fatty  acid,  and  the  purified  ethereal 
extnict  is  slowly  evaporated  to  dryness,  the  residue  consisting  of  a 
mixture  of  indol  and  skatol. 


CHAPTER  IX 
BILE. 

In  connection  with  the  composition  of  bile,  it  is  of  importance  to  note 
that  the  compound  proteid  which  it  contains  is,  in  some  animals— e.^. 
the  ox — nucleo-albumin,  whereas  in  others — e.ij.  man — it  is  mucin.  In 
all  cases  it  is  probable  that  this  proteid  does  not  really  come  from  the 
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liver  ft'lls,  Imt  is  imly  adtleil  t<»  the  liile  as  it  jKisses  alinij;  the  liile  dtuts. 
S«  far  as  laii  at  present  lie  aseerUiiuid,  the  aiiioiiiit  of  |iij;nu'iit  and  of 
liile  salts  do  not  liear  a  ijuantiUitive  rehitionship  to  one  another,  so  that 
it  is  improJ>al>le  that  they  arc  Iwith  ih-rived  from  the  same  source. 
(Quantitative  estimations  of  these  two  iHMlies  in  l>iU',  olitauied  from  a 
liiliary  fistule  are,  however,  far  from  innneror.s,  not  only  on  accotnit  of 
the  raritv  of  snital>le  eases,  lint  iK'eanse  there  is  nt)  acemate  method  for 
tpiantitutively  determininj;  the  pijiment. 

Separation  of  Bile  Salts.  To  Separate  all  the  Bile  Salts. 
Thoronghly  mix  50  gr.  pine  animal  chareoal  with  JOd  e.c.  of  ox  l>ile  in 
an  evaporating  dish,  ami  vaporate  the  mixtnre  to  dryness  on  a  water 
iiath.  Dnring  the  dryin-,'  the  mixtnre  shonhl  I>e  fieipiently  stirreil. 
The  Idaek  powder  thns  olitained  can  l>e  kejit  a  eonsideraMe  tiim-.  To 
extract  the  hile  sjilts  irnm  it,  mix  it  with  alisolnte  aleohol  in  a  flask  and 
place  on  the  lK>iling  water  liath  for  alnint  a  (piarter  of  an  hoin-,  cool, 
filter  into  a  dry  Leaker,  and  adil  ether  to  the  filtrate  till  a  jHMJnanent 
haze  is  prodnceil.  Now  cover  the  lieaker  with  a  j;ronnd-glass  plate  and 
allow  it  to  stand  in  a  cool  place  till  next  day,  when  it  will  l>e  fonnd  that 
a  crystalline  mass  of  liile  salts  has  separate<l  out  (Plattner's  crystalline 
bile).  The  crystals  can  now  lie  collected  on  a  filter  i>ajM'r  and  allowed 
to  ilry  in  the  air. 

A  1  i)cr  cent,  solntion  of  the  crystals  shonhl  now  lie  made,  and 
I'ettenkofer's  reaction  (see  p.  •.'.?:{)  applied  to  it  liy  the  following 
method  : 

Dissolve  a  few  grains  of  cane  sugar  in  the  solution,  and  run  con- 
centrated sulphuric  acid  down  the  side  of  the  tuho  so  as  to  form  a 
layer  underneath  ihe  watery  .solution.  A  violet  ring  is  formed  when 
the  two  fluids  meet.  Now  place  the  test-tuhe  in  a  heaker  of  cold  water, 
and  shake  jteuily  so  as  to  mix  the  two  fluids.  A  violet  s<ihition  is  thus 
olitained.  By  cooling  the  test-tul>e  in  water  to<i  great  a  rise  of 
temperature  is  avoided.  Divide  the  violet  solution  int<i  two  parts,  J 
and  B.  Add  A  to  some  ether  and  examine  by  means  of  the  s{K«ctro- 
Kt-ope— a  distinct  liand  is  seen  in  the  green.  Adil  J>  to  some  absolute 
alcohol  and  note  thr.t,  although  the  spectnnu  is  at  first  the  same  as  in 
A,  a  lull."  yadually  develops  in  the  blue,  and  that,  ahmg  with  the 
«levelop;  :en  if  this,  the  tint  of  the  solution  changes  from  green  to 
brown. 

To  Prepare  Pure  Olycocholic  Acid.  In  certain  districts  of  (iermauy 
and  America  it  has  been  observed  that  the  glycocholict  acid  can  be 
separated  from  the  bile  by  a  very  simple  jrocess,  and,  so  far  as  it  has  as 
vet  been  tried,  the  bile  obtained  fnmi  oxen  reared  in  this  cotuitry 
appears  to  lie  suitable  for  the  pnK-ess. 
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The  metho<l  is  as  follows : 

Some  ox  hilo  is  placed  in  a  stopiwred  cyliiuliifal  vessel,  ami  mixed 
with  ether  and  hyilrochlorie  acid  in  the  proportion  of  ten  parts  of  the 
former  and  four  jwrta  of  the  latter,  for  every  huntlred  part  s  of  l>ile.  A 
few  crystiils  of  glycm-holic  acid  are  added  to  the  mixture  so  as  to  start 
the  crystallisation,  the  vessel  is  stoppered,  vigorously  shaken,  and  then 
allowed  to  stand  in  a  cool  place.  After  some  time  the  mass  will  lie 
foinid  to  be  •  solid '  with  crystals.  These  are  collected  in  a  filter  paper, 
and  washed  with  cold  distilled  water  till  no  more  pigment  can  lie 
removed.  They  are  then  removed  to  a  flask  and  dissolved  in  lioiling 
water;  the  solution  is  filtered  hot,  and  the  filtrate,  on  cooling,  deixisits 
mmierous  acicular  crystals  of  the  acid.  The.se  may  now  lie  collected, 
washed  with  distilled  water,  and  dried  (for  Chemistry  and  HeactioMS  see 
p.  -l-M). 

The  other  ami(h)  acid  is  Taurin,  and  is  peculiai'  in  that  it  c dutains 
sulphur. 

Preparation  of  Taurin.  -Bile  from  a  carni\()rous  animal — eat  or 
dog  -is  heated  on  a  .sand  liatli  with  one-third  its  1>ulk  of  concentrated 
hydrochloric  acid  until  a  resinous-like  mass  of  the  anhydride  of 
cholalic  acid  (called  Di/slysiu)  has  formed.  This  can  lie  drawn  out 
into  lirittle  threads  liy  means  of  a  glass  rod.  The  dyslysin  is  filtered 
off  and  the  filtrate  is  evaporated  to  .small  Indk,  the  S(xlium  chloride, 
which  crystallises  out  during  the  evaporation,  Iieing  removed  hy 
filtration.  The  thin  syrup  is  then  jtoured  into  fifteen  times  its  Imlk 
of  alcohol,  and  left  standing  twenty -four  hours,  when  the  (miiia  will 
have  crystallised  out.  It  can  lie  purified  l>y  collecting  the  crystals 
on  a  filter  paper,  washing  with  cold  water,  redis.solving  in  lioiling 
water,  and  allowing  the  solution  to  cool. 

Properties  of  Taurin.  -It  crystallises  in  long  glancing  needles. 
It  is  in.solul)le  in  alcohol,  Init  solulile  in  lioiling  water.  If  heatetl  on 
a  piece  uf  platiinim  foil  it  turns  lilack,  and  gives  oft'  fumes  of  sulphur 
'lioxide.  If  fused  with  .solid  sfKlinm  caHionate  on  a  piece  of  platinum 
foil,  and  the  melt  dissolved  in  water,  a  solution  is  olitaiued  which 
evolves  sulphuretted  hydrogen  on  the  addition  ot  a  mineral  acid. 
The  sulphuretted  hydrogen  can  lie  detecteil  liy  means  of  a  jnece 
of  filter  paper  soaked  in  lead  acetate  solution.  Its  chemical  con- 
stitution is  (lemonstrated  liy  the  following  reactions  : 


If  ethylic  alcohol  be  treated  with  concentrated  sulphuric  acid,  one  of  the  hydro- 
gen atoms  is  replaced  by  the  radicle  SO^H,  and  isethionic  acid  is  formed. 


C.,H,    g"  -f  OH  -^  SO,  -  H  =  C.H,  :!^«„ 


H..0. 


Ethylic  alcohol.  Sulphuric  acid.   I-..jtliioiiic  acid. 
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If,  now,  the  isethiuaic  acid  be  treated  successively  with  phosphorus  pt-iitachloridc 
and  ammonia  it  yields,  first  chlor-ethyl-sulphonic  acid,  and  then  t\w  CI  of  this 
Incomes  replaced  '»y  an  liinido  group  to  form  anudo-iHethioiiio  acid  which  is  taurine. 


I. 


II. 


(«)    t'.H,  4^,'J^,j,  +  2  PCI,  =  C,H,  -^J.',',  (.,  i  •-'  P(H1, ,  2  H(  1. 


Isethionic  acid. 


Chlor-ethyl-sulphon-chloride. 


Chlor-ethylsulphonic  acid. 

^"«««"-SO.pH  '  -  ^'" '  =  ^'="v    So"&H  +  NH,<  1. 

Tniirim. 


CHAPTKR  X. 


ruixK. 

In  the  following  chapter  the  viirious  headings  will  be  taken  up  in 
exactly  the  same  order  as  in  the  eleni'^ntary  course,  and,  since  the  tlieo 
retical  points  in  connection  with  the  chemistry  have  already  hecn  fully 
di.scussed  there,  it  will  l>e  nccessjiry  to  deal  here  only  with  certain 
technical  details  in  connection  with  the  s'iparation  aiul  t(uantitative 
estimation  of  the  various  miliary  constituents. 

Kjeldahl's  Method  for  the  Estimation  of  Nitrogen.  -lunneintiim.-- 
This  process  may  be  materially  quickened  by  adding  to  the  contents 
of  the  combustion  flask  some  metallic  oxide.  The  oxides  most  com- 
monly employed  are  those  of  mercury  and  copper,  more  especially 
those  of  copper,  since  it  has  been  shown  that  mercury  combines  with 
a  certain  amount  of  the  liberated  ammonia  to  form  a  i  om|)ound  from 
which  it  is  not  expelled  by  the  8ul)seiiuent  distillation  with  caustic 
alkali.  The  oxide  itself  is  not  added,  but  the  sulphate  and  the  amount 
of  this  required  for  5  e.c.  of  urine  is  OS  gr. 

As  a  rule,  about  "i  gr.  of  potassium  sulphate  are  also  added. 
This  becomes  changed  into  potassium  pyrostdphate  in  the  heated 
acid,  and  this  has  the  property  of  very  materially  assisting  the 
oxidation. 

The  addition  of  the.se  two  ImkUcs  is  especially  necessjiry,  where  Inxlies 
rich  in  carbon  are  being  oxidised.  They  aie,  therefore,  invaiiabl" 
added  when  it  is  necessiuy  to  burn  filter  paper,  or  where  the  nitrogen 
in  milk,  mu.scle,  or  any  other  food-stufl"  is  bjing  determined. 

DiMillafion.-  -hi  order  to  keep  the  end  of  the  distilling  tube  ]\ut 
touching  the  surface  of  the  fluid  in  the  receiving  flask,  the  latter 
should  be  placed  on  a  platform  ..hich  can  be  raised  or  lowered  by 
a  screw  {sec  Fig.  ir>(»). 
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Instead  of  employing  litmus  to  ascertain  when  all  the  amniorn'a  has 
distilled  over,  a  solution  of  alizarin  may  be  used.  This  is  yellow 
in  acid  solution,  and  pink  tr.  purple  in  alkali.  A  drop  is  allowed  to 
run  down  the  distilling  tulwj,  (the  end  of  which  is  meanwhile  removwl 
from  the  surface  of  the  distillate)  so  that  the  alizarin  mixes  with  the 
hanging  drop  of  the  distillate.  If  this  V.tter  still  conUiin  ammonia  a 
purple  colour  is  developed,  if  there  be  no  ammonia  the  orange  colour 
remains  unchanged. 

Titmlim.  Method  fm  staiKlardixintf  a  (led-rii)mittl  mliition.— It  is 
necessary  that  a  stock  solution  of  very  accurately  standardised  acid 
be  kept,  with  which  other  standard  solutions  may 
be  compared.  The  best  acid  to  employ  for  this  pur- 
pose is,  I  think,  sulphuric  ;  it  can  easily  be  obtained 
pure,  it  keeps  well,  and  it  can  be  used  for  all  the 
acidimetric  processes  necessary  in  medical  chemistry. 
To  standardise  it,  anhydrous  sodium  carlionate  is 
employed.  About  5  grammes  of  pure  sodium  car- 
bonate are  heated  to  dull  redness  in  a  crucible  for 
ten  minutes,  cooled  in  an  exsiccator,  the  exact  weight 
taken,  some  transferred  to  an  Erlenmeyer's  flask,  the 
weight  again  taken,  and  the  amount  removed  thus 
estimated.  Several  accurately  weighed  samples  are 
removed  in  this  manner,  and  each  is  dissolved  in 
distilled  water,  the  solutions  being  then  coloured 
yellow  by  methyl  orange  solution.  The  acid,  the 
strength  of  which  it  is  desired  to  determine,  is  now 
nm  into  the  sodium  carbonate  solutions  until  the 
neutral  point  is  attained,  the  exact  amount  necessary  in  eacli  case 
being  noted.  The  data  for  making  the  calculation  are  now  at  hand. 
100  c.c.  of  a  normal  acid  should  exactly  neutralise  5-3  grm.  so<lium 

carbonate,  i.e.  that  100  c.c.  of  a  "  acid  should  neutralise  0-53  grm. 

Suppose  0-246  grm.  s(xlic  carbonate  required  41-5  c.c.  of  the  acid,  then 
0-246  :  0-53::  41  ■■>:.r  =  8'J-, 
Again  suppose  that  another  sample  containing   0-2153  gni.  required 
36-32  c.c.  of  the  acid,  then 

0-2153  :  0-53  ::  3632  :  /  =  89-4. 
To  correct  the  acid,  therefore,  place   894  c.c.  of  the  acid  in  a  litre 
flask  (Fig.  272)  and  fill  up  to   1000  c.c.  with  distilled  water,  when  a 

"   solution  will  be  obtained,  100  c.c.  of  which  will  exactly  neutralise 
10 

0-53  grm.  sodic  carbonate. 


Kin.  •.'7'-'.— Hank  for 
ttcciimttily  nieHKiir- 
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I'RKPAKATION  OV   URKA. 
1.    Prom  Urine.     To   about   400  v.v.    urine  luKl   luriuin   niixtun- 
(1    vol.   sjiturated  Imrium  nitrate  solution   niixe«l   with  '2  vol.  hiryta 
water)  until  there  is  no  further  precipitate  of  sulphates  an.l  phosphat.-s. 
Filter  an.l  evaporate  the  filtrate,     at  first  over  a  free  flame,  afterwanU 
on  a  water  l«ith-to  a  thin  syrup.     Now  mix  this  syrup  with  about 
100  CO.  methylated  spirit  and,  after  allowing  the  mixture  to  sUmd  tor 
alK>ut  half  an  hour  so  that  the  precipitate  of  inorganic  salts  may  settle, 
filter  the  alcoholic  extract  into  an  evaporating  dish  and  evaiM)rate  it 
nearly  to  dryness  on  a  water  hath.     Allow  the  residue  t..  cool,  and 
then  add  to  it  about  double  its  volume  of  concentrated  pure  intric  acid, 
mcjiuwhile  placing  the  basin  in  a  dish  of  cold  water,  an.l  stirring  the 
contents  with  a  glass  nnl  so  as  to  accelerate  the  formation  oi  the  urea 
nitrate.     After  a1)Out  half  an   hour  the  crystals  of  urea  nitrate  are 
filtere.1  off  by  means  of  a  suction  filter,  sucked  as  .Iry  as  p.).ssiblc.  an.l 
then    placed    between    several    thicknesses    ..f  filter    pai)er   iKJtween 
which  they  are  presse.!  so  as  to  .Iry  them.     In  or.ler  to  convert  the 
•itrate  into  urea,  the  crystals  are  placed  in  an  evaporating  dish  and 
dissolved  in  as  little  water  as  possible ;  the  basin  is  then  place.!  on  a 
heated  water-bath,  and  powdered  liarium  carbonate  added  with  a  pen- 
knife  in   small   quantities   until   the   fluid    reacts   neutral.      Hy  this 
treatment  the  urea  nitrate  is  .leconii)ose.l,  the  nitric  acid  combining 
with   barium   to   form   barium  nitrate,  an.l   the  urea  being   thereby 
liberated.      The  mixture  is  now  filtered,  the  filtrate  evapoiat.-d    to 
dryness  an.l  the  urea  taken  up  from  the  resi.lue  by  extracting  with 
absolute  alcohol,  which  does  not   .lissolve  the  barium  nitrate.     Ih.' 
alcoholic  solution  of  urea  is  now  evaporated  to  dryness,  when  a  mass 
of  urea  crystals  is  obtained. 

The  above  process  may  be  considerably  curtailetl  by  omittuig  the 
preliminary  precipitation  of  phosphates,  etc.  with  birium  mixture, 
the  evaporated  urine  being  simply  mixe.l  in  a  test  tube  with  nitric 
acid,  whicl.  is  kept  cool  by  submersing  it  in  a  beaker  of  water. 
The  crystals  of  urea  nitrate  are  then  filtered  ott',  drie.l  between  filter 
paper  and  treated  with  barium  carbonate  as  above  described. 

2.  Separation  of  Urea  from  Blood,  Serous  Fluids  or  Watery  Extracts 
of  Tissues.  -About  100  c.c.  of  the  fluid  are  niixe.1  with  four  times  its 
volume  of  methylate.1  spirit,  vigorously  shaken  aii.l  allowe.1  to  stan.l 
over  night.  By  this  treatment  the  proteids  are  coagulated,  whereas 
the  spirit  dissolves  the  urea.  The  coagulum  is  now  filtere.1  off",  washe.1 
with  spirit,  and  the  washings  are  combined  with  the  filtrate,  the  whole 
>>eing  then  evaporated  to  dryness  on  a  water-bath.      The  residue  is 
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extracted    with   alwolute    alcohol,  the  .ct  filtered,  again    evajH)i- 

ated  to  dryness  and  re-extracted  wit  ^imolute  alcohol,  this  process 
l>eing  repeated  until  the  evaporate<]  residue  is  entirely  dissolved  in  the 
alcohol.  The  purified  residue  is  now  coolc<l  by  placing  the  dish  con- 
taining it  on  ice,  and  is  mixed  with  one  or  two  drops  of  pure  nitric 
acid,  the  mixture  heing  allowed  to  stand  on  ice  till  next  day  when 
it  is  examined  for  crystals  of  urea  nitrate. 

The  alcoholic  extracts  usually  contain  a  consideraMe  amount  of  fatty 
acid  which  may  mask  the  separation  of  urea  nitrate  To  reniove  this, 
the  first  alcoholic  extract  should  be  mixed  with  a  few  drops  of  a 
solution  of  basic  lead  acetate  till  no  more  precipitate  is  pnxluced,  after 
which  a  few  drops  of  a  solution  of  ammonium  carlionate  are  added  to 
cause  the  sus|>ended  precipitate  of  lead  soaps  to  settle  down.  The 
solution  is  then  filtered,  and  the  lead  removed  from  the  filtrate  by 
{Missing  a  stream  of  H^S  gas  through  it. 

Estimation  of  Urea.  Mdrner  and  Sjeqvist's  MBthod.-  Priudple.- 
By  the  addition  of  certain  reagents  to  a  measared  quantity  of  urine, 
all  the  nitrogenous  bodies  except  tjreji  and  ammonia  are  precipitated. 
The  precipitate  is  removed  by  filtration,  and,  after  expelling  the 
ammonia  by  heat,  the  i;itrogen  of  the  filtrate  is  determined.  This, 
multiplied  by  2-143,  gives  the  amount  of  urea  present. 

Suhitioii^  veir.<Mtrji. — 

1.  A  sjiturated  solution  of  chloride  of  barium  containing  5  per 

cent,  barvta. 

2.  A  mixture  of  1  vol.  ether  and  2  vol.  alisolute  alcohol. 

3.  Appttratus,  etc.  for  Kjeldahl's  nitrogen  determination. 
[kterminatioii. — 5  c.c.  urine  are  mixed  in  a  small   stoppered   flask 

with  5  c.c.  of  barium  mixture  and  100  c.c.  alcohol-ether  mixture, 
whereby  a  copious  precipitate  falls  down.  The  flask  i.s  corked  and 
left  standing  over  night.  The  contents  arc  then  filtered  through  a 
small  filter  paper  (10  cm.  in  diameter),  the  filtrate  being  collected  in 
a  Kjeldahl  coml)ustion  flask.  When  all  the  solution  has  iw.ssed  through, 
the  precipitate  is  wvwhed  at  least  three  times  with  alcohol-ethor 
mixture,  and  then  the  flask  is  placed  on  the  water-bath  heated  to  60°C., 
a  pinch  of  magnesium  oxide  being  added  to  the  contents  so  as  to  drive 
off  the  last  traces  of  ammonia  from  the  solution.  When  the  volume  of 
fluid  in  the  flask  has  reached  about  10  c.c.  concentrated  sulphuric  acid, 
cupric  sulphate  and  potassium  sulphate  are  added  to  it,  and  the  nitrogen 
determined  by  Kjeldahl's  process. 

In  order  to  accelerate  filtration  the  suction  pump  may  be  used,  a 
cork  being  fitted  into  the  mouth  of  the  flask  and  heing  <loiil)ly  bored, 
one  hole  for  the  filter  funnel,  the  other  for  a  tube  connected  with  a 
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suction  pump.     By  thi«  n.eaiw,  aUo,  a  large  amount  ..f  the  alcohol  aii.l 
ether  is  removed  through  the  pump.  .       u    i 

Hippuric  Acid.— The  .piantiutive  determination  ot  this  IkkIv  h 
exceedingly  difficult,  an<l  consists  of  extracting  it  by  means  ot  alcohol 
and  ether  from  urine  made  alkaline  with  wKlium  carlwnatc 


CHAPTKK  XI. 

UKINK— fnSTINI  Kl'. 

Chemical  Reactions  which  show  the  Eelationahip  of  Uric  Acid  to 
Urea— /iy  Am,hi4s.-\i  uric  acid  be  carefully  oxidised  u>  acid  solution 
{i.e.  by  treating  it  with  cold  concentrated  nitric  aci<l)  it  decmiM.ses  into 
alloxan  and  urea : 

XH-CO  NH-CO 

CO     C-NH^  =C0    CO    NH,, 

XH-C-Xh/  ■       NH    CO+NH/ 

(uric  acid)  (alloxan)  (ure.i) 

If  the  oxidati..n  be  more  energetic  (as  by  using  warm  nitric  acid)  the 
alloxan  is  further  si.lit  up  into  paraluinic  acid  and  carbonic  acid  gas: 
NH-CO  NH-CO 


i        I 
CO    CO 


=  C0 


I 


NH-CO+O    NH-CO  +  CO,. 
(alloxan)         (parabanic  acid) 
If  now  parabanic  acid  be  caused  to  take  up  a  molecule  of  water  (by 
heating  it  with  alkalies)  it  changes  into  oxaluric  acid  : 
NH-CO  NH-CO 


CO 


=  CO 


NH-CO  +  H.,0   NH,  COOH. 
(parabanic  acid)     (oxaluric  acid) 
By  prolonged  boiling  with  water  this  is  split  up  into  oxalic  an.l  and 

"rea  ; 

NH-CO      .11/.  ^^^^^ 

=C0<  +  I 

NH,,    COOH 


CO 


NH,  COOH 

(oxaluric  acid) 


(urea)         (oxalic  acid) 
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By  ttiialyxis,  therefore,  we  learn  that  uric  nc  ii|  contains  two  urea 
molecules  (which  are  split  off  at  different  stages  of  oxidation)  unit6<l 
together  by  a  chain  of  carlwn  atoms  (represented  by  the  oxalic  acid). 
It  is  therefore  a  diureidc.  By  67/w/Awi.i.  -l>iureides  are  usually  pre- 
jMired  by  the  condensation  of  hydroxy  acids  with  urea,  and  in  the  case 
of  uric  acid,  lactic  acid  is  the  hy(ln»  acid  used,  or  still  lictter,  a  sub- 
stitution pnslnct  of  it,  viz.,  tri-chlor-luctamide.  By  hiating  urea  with 
this  iKxly  the  following  reaction  ensues  : 

CI 


IINH      CI  -  0  -  CI 

i  I 

00  OH(OH) 


HN    H 
>00. 


HNH  00  -  NH.,       (urea) 

(urea)     (trichlorlactaniide) 

The  groups  printed  in  thick  type  unite  to  form  uric  acid  (after 
Hopkins). 

Estimation  of  Uric  Acid.  Hopkins'  Method. — Priuripli'. — This  has 
already  been  described  in  the  elementary  coui'se  (p.  2")S)). 

Iteiiiji'nis  anil  Soliifious  neres.ta 1 1/.  -1.  Pure  ammonium  chloride.  (Must 
bo  entirely  soluble  in  water  and  must  not  contain  any  iron  salt.) 

2.  Pure  ammonium  .sulphate.  When  the  uric  acid  is  to  be  estimated 
by  titrating  it  against  potassium  permanganate,  it  is  absolutely 
necessary  that  all  traces  of  chlorine  be  removed  frtmi  the  ammonium 
unite  precipita'  This  is  done  by  washing  it  with  an  ammonium 
sulphate  solution  (9  parts  saturated  solution -H  1  part  water). 

3.  A  twentieth  normal  solution  of  potassium  |)ermanganate  made  by 
dissolving  1581  gr.  pUassium  permangaiiate  in  1  litre  of  distilled 
water.     1  c.c.  of  this  solution  =  375  mg.  uric  acid. 

Delerminatioii.  Weigh  out  30  grammes  powdered  ammon.  chlor.  and 
add  it  to  100  c.c.  of  urine,  stirring  briskly  until  all  the  salt  is  dissolved. 
Now  add  a  few  drops  of  strong  ammonia  and  allow  the  mixture  to 
stand  until  the  precipitate  of  ammonium  urate  has  settled  at  the 
bottom  of  the  beaker,  and  the  supernatant  fluid  is  quite  clear.  The 
fluid  is  then  filtered  through  a  small  filter,  and  the  beaker  is  washed 
with  a  saturated  ammon.  chloride  solution  so  as  to  remove  all  traces 
of  the  precipitate,  the  washings  being  also  passed  through  the  filter 
paper.  Finally,  wash  the  precipitate  itself  with  satuiated  ammon. 
chlor.  soln.  and,  whenever  the  last  washings  have  drained  through, 
remove  the  furniel  with  the  filter  [«per,  hold  it  over  the  beaker  in 
which  the  precipitation  was  performed,  puncture  the  apex  of  the  filter 
paper  with  a  pointed  glass  rod,  and  wash  the  precipitate  into  the 
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»M5«ker  bv  n,ea..s  of  a  Hnc  jet  of  water  which  hu«  i-revmuHly  \m'U 
hr..u.'ht  t..  the  »KMl  in  a  wanh  U.tthv  In  onh-i  to  r.-niovf  the  !a.t 
trace's  of  precipitate  from  the  filter  p.i|RM-  it  i«  ncce««iry  t..  u,R.n  out 
the  hitter  so  that  no  precipitate  remains  in  the  foi<U. 

The  eMimatwn  <■/  th  urir  a.i,l  containcl  in  the  H..hition  o»  ammo.num 
nrate  thns  obtan.e.1.  may  now  Ik-  .letermine.1  hy  one  of  two  n.eth.Hl.  : 

1  /r«,//M/,.;  the  „nc  >u-ul  diirrtl,,.  For  this  meth.Kl  it  is  necessary 
that  the  water  use.!  i.i  the  removal  of  the  precipitate  shouM  n..t  amo.u.t 
t.,  more  than  30  c.c.;  if  more  than  this  amount  has  »•««''  -"M'-'y^'- 
the  li.u.i.l  shouhl  b«,  concentrat-.l  ..n  the  water-l„ah  till  this  »m  k  has 
been  attaine.1.  The  urate  is  now  .lecomix.seil  by  u.hhng  1  c.c.  ot  UU 
(con.)  an.l  heating  just  to  b<,iling  p<.int.  The  rtui.l  is  ther.  set  asule 
for  the  uric  acid  t.,  crystallise  .,nt.  an.l  this  is  collected  I  on  a  weighe^l 
filter  (pee  p.  4H4).  washed  with  .old  distiUd  water,  dricl  and  weigh.^l. 

2  rUratmi  iHe  de,-omiH>se>l  nratr  >mth  standard  iH>ta.<-<ium  j^rm„n'jauale. 
Since  chlorides  have  a  certain  power  of  .leclourising  jmrmangiinates  it 
is  necessary  that  all  traces  of  ammon.  chh.r.  be  remove.l  tr..m  the 
precipitate.      This  is  accon.plishe.l  by  washing   it   with   a  miturate.! 
soluti.m  of  amm..nium  sulphate  instead  ..f  ammo.uum  chlon.kv     The 
contents  of  the  filter  are  then  transferrcl  to  a  small  Erlenmeyer  flask  by 
means  of  a  jet  of  hot  water,  and  the  v.,lume  brought  up  to  100  c.c    the 
water  empl.)yed  for  this  purpose  being  uls.,  use.1  t..  thoroughly  wash  o.it 
the  filter.     Now  a.ld  to  the  solution  in  the  flask  lo  c.c.  cot.centrate.l 
sulphuric  aci.l,  an.l  immediately  titrate  with  the  permanganate.      Ihe 
principle  of  the  i    iction  is  that  the  iK^rmanganate  o.xuhses  the  nne  ac.i, 
and,  in  d.«ng  so,  lo.ses  its  colour;  whenever  all  the  uru-  aa.l  has  been 
oxidised  the  pemanganate  will  retain  its  red  clour.      Ihe  stan.ar.1 
solution  is,  therefore,  run  into  the  aci.lified  solution,  when  .t  will  be 
noticed  that,  on  the  first  additions,  the  red  col.mr  imm.  .liately  dis- 
appears, but  that,  as  more  an.l  more  is  added,  the  red  takes  l..nger  t.. 
disappear,  until  at  last  a  drop  of  the  permanganate  retains  its  colour 
and  gives  to  the  fluid  on  shaking  a  diflused  pink  flush.    This  is  the  en. 
reaction.     The  number  of  c..-.  use.l  is  now  read  ott",  and  the  amount .. 
uric  acid  is  thus  calculated.     F..r  clinical  purposes  the  titration  mcth.Kl 
is  certainly  the  one  to  be  employe.1,  the  only  part  about  which  there 
is  any  ditticulty  (on  acount  of  its  slowne.ss  in  filtering)  beuig   the 
washing  of  the  precipitate  with  amni..nium  sulphate  solution. 

The  Estimation  of  the  Total  AUoxuric  Bodies.  Modified  Camerer  s 
Method.-Z'nKa^^.-Animoniacal  silver  nitrate,  in  the  presence  of 
neutral  salts,  or  better,  of  magnesium  mixture,  combines  with  all  the 
alloxuric  bodies  to  form  an  insoluble  «i!t  of  definite  c<.nMK,8itujn 
(see  p.  206).     The  nitrogen  ^n  this  can  now.be    stimate.1  by  Kjeldahl  s 
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methtxl,  and  the  result  e\,>reHHe«l  an  total  uUoxuric  ni'rogen.  Thii 
rcmilt  is  cxceo(liii|(ly  iifleful  in  studying  the  metabolism  of  aUoxurii- 
)>o<lie«.  if  it  l)e  desiretl  to  detennine  the  uric  acid  ami  the  luiMeM 
Mepurutcly,  a  slight  niudification  of  the  pr<K-uM  is  necestary. 

SoliiliotiK  neiesmiry.  -1.  Magnesiu  mixture.  This  consists  of  1  part 
cTystullisetl  magnesium  chloride,  2  parts  chloride  of  ammonium,  dis- 
solved in  8  parts  of  water  and  made  strongly  alkaline  with  4  parts  of 
ammonia.  If  the  mixture  be  not  <|uite  clear  (from  the  presence  of 
magneHium  hydrate)  more  ammon.  chlor.  should  be  adde<]. 

2.  Ammoriiaeal  silver  nitnite.  l)i8solve  2C  gr.  silver  nitrate  in 
about  300  c.c.  water,  add  ammonia  to  this  until  the  precipitate  of 
silver  oxide,  which  Hrst  forms,  redissolves.  Dilute  the  solution  to  one 
litre. 

3.  Kjeldahl's  apparatus  and  solutions. 

iMenniniitioH.  240  c.c.  proteid  free  urine  are  mixed  with  30  cx\ 
magnesia  mixture,  and  the  solution  is  made  up  to  300  c.c.  by  the 
addition  of  a  20  per  cent,  ammonia  sohition.  This  process  is  Iwst  done 
ill  a  measuring  cylinder.  After  the  precipitate  has  settled,  which  it 
does  in  a  few  miiuites,  it  is  filtered  through  a  dry  folded  filter  and  two 
portions  of  the  filtrate  are  taken  amounting  to  125  c.c.  each.  Knich 
of  thehe  corresponds  to  100  c.c.  of  the  original  urine.  They  are  both 
treated  in  exactly  the  same  way,  ami  should  yield  similar  results 
F^ach  is  mixed  witli  10  c.c.  animoniacal  silver  nitrate,  and  the  mixture, 
after  the  precipitate  has  settled  somewhat,  filtered  through  an  ash- 
free  filter  jwiper  (of  10  cm.  diameter)  The  last  traces  of  the 
precipitate  are  renioycd  from  the  l)caker  by  means  of  weak  ammonia 
water.  The  next  stage  consists  in  washing  the  precipitate  with 
ilistilled  water  until  it  is  free  from  ammonia,  as  the  presence  of  this 
would  vitiate  the  determination  of  the  nitrogeti.  In  order  to  do 
this,  the  precipitate  should  be  allowed  to  stand  exposed  to  the  air 
-over  night  so  that  it  may  become  partially  dried,  in  which  stJite  the 
washing  with  water  is  much  easier  than  when  the  precipitate  i.s  moist, 
for  then  it  forms  a  gummy  mass.  The  washing  must  be  continued 
luitil  the  washings  no  longer  react  alkaline  to  litmus.  In  order  to 
remove  the  last  traces  of  ammonia,  the  filter  paper,  with  the  precipi- 
tate on  it,  is  carefully  removed  to  a  Kjeldahl's  combustion  flask  ; 
about  50  c.c.  of  water  are  added,  and  then  a  little  magnesium  oxide. 
The  mixture  is  then  boiled  whereby  the  magnesia  expels  the  ammonia. 
The  boiling  i«  continued  until  only  about  10  c.c.  of  fluid  remain,  and 
then  sulp'       .  acid,  etc.,  are  added,  and  the  nitrogen  determined. 

To  Determine  the  Baaea  and  Acid  separately,  a  large  quantity  of 
urine  (500  c.c.)  is  mixed  with  one-tenth  its  bulk  of  magnesium  mix- 
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turo,  the  |imi|»itia»>«i  photiphiitcii  filtt-nMl  off.  and  uii  uli<nuit  |miI  of  t\w 
Hltrute  mixe<l  with  tminioniftcal  «ilv»T  nitratf.     The  ri'«iiltiii«  in«'ti|>it;»t«' 
i)f  all  the  ttll(.xiiri<  iKxIieii  w  c  :iocUh1  on  h  filtor  |minr.  wtif»ho«l,  truMH 
fem'<l  to  11  »K-ukcr,  a    I    leco    ix«.il  hy  »K>iiing  it  with  a  Holution  of 
Hiilphide  of  iK)taMinni  pi-;,  .wl  of  mvh  a  Htmijjth  that   10  t-.c.  arc 
nc«. unary    for    every     lOO    ce.    urine   eniploye«l.'     Th.-   Hiilphi-le   of 
iilver  whieh  in  hereby  fortnetl  in  renimwl  by  tiitmtioii    ,n<l  the  hitrate 
ueiflified    with    hytlntchioric     ici.l,   uiul    slowly    evaiM.ratetl   to    Hiuali 
bulk  (10  c.c).     The  Hnid   in  allowe«l  to  stand  a  few  honrn,  when  all 
the  uric  ocul  will  have  crydtalliwd  out.     This  in  eollecte<l  on  a  weijjlied 
filter,  wanheil  with  cold  water,  r.nd  determined  gravini.lrieally  ;  or,  it 
may  l»€  dinnolvi'd  in  an  alkalie  and  detcrmine<l  by  the  |K;rinanK"i>nte 
method.      The  _filtivte  from  which  the  uric  acid   han  ».een  nei»aniteil. 
combined  with  the  water  unwl  to  w     h  the  hitter,  '     ma<le  strongly 
alkaline  with  ammonia,  and  the  hisfs  ..  e  precipitate«.         addinjj  nilvr 
nitrate.     The  precipitate  is  collect»-d  on  an  asl  free  fill      j>a|)er,  wanhed 
free  of  ammonia,  boile<l  in  a  Kjeldahl'n  Hanli  w  illi  magnewia  and  water 
and  the  basic  nitrogen  detc.-mined.     1  jrrami.-  "t  nitrogen  correnix.ndn 
to  2"62  grammes  xanthin. 

As  has  1  ■  1  explained  in  the  c.tmentary  cour'^f,  it  is  of  primary 
imporUince  not  only  to  know  how  much  total  alloxuric  nitrogen  in 
being  excretetl  in  the  urine,  but  also,  how  much  in  l>cing  taken  in  the 
food.  It  is  then  i^ssible  to  «letermine  how  much  alloxuric  nitrogen  is 
derived  from  the  tissues,  or,  in  other  words,  we  <letermine  the  en<l,>- 
ijenoiiH  moieli/.  There  can  >)e  no  tloubt  that  it  is  owing  to  the  neglect  of 
this  precaution,  that  there  exist  so  many  disconlant  observations  con- 
cerning the  metabolism  of  uric  acid  in  health  and  in  disease.  It  is  ot 
little  use  to  know  that  the  uric  acid  is  greater  in  one  person  than  in 
another  for  the  difference  may  simply  be  du"  to  the  diet ;  on  the  other 
hand,  a  difference  in  the  eiidogenous  moiety  .vould  indicate  a  correspond- 
ing difference  in  the  metabolism  of  the  tissue  nucleins. 


CHAl'TER    XII. 

URIXK— CONTISIKI). 

Oreatinin:  Quantitative  Determination  (Salkowski's  Method).— 
Principle.  —An  alcoholic  extract  of  evaporated  phosphate-free  urine  is 
mixed  with  an  alcoholic  solution  of  zinc  ch'  ■  =de,  which  combines  with 

'  Polaitsium  mi/phide  mlulion.  Dissolve  15  gr.  KOH  in  a  lOUO  c.c.  ilistilled 
water ;  divide  the  solution  into  two  equal  parts  iiuil  ewlurttlt:  one  «>f  these  with 
H./5  gas  ;  uow  mix  the  two  halves. 
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creatiiiiii  to  form  a  salt  of  known  composition.  By  collet  ng  this  salt 
on  a  weighed  filter,  or  better,  by  estimating  its  nitrogen,  the  amount  of 
creatinin  which  it  contains  can  be  (letermine<l. 

Solutions  Metssarij.~-\.  Alcoholic  zinc  chloride.  A  concentrated 
watery  solution  of  zinc  chloride  is  jwured  into  90  per  cent,  alcohol 
until  the  siiecific  gravity  of  the  latter  rises  to  1-20. 

2.  Milk  of  lime— prepared  by  shaking  quicklime  with  water. 

3.  5  per  cent  calcium  chloride  solution. 

l)ete>mmitwn.—4»0  c.c.  urine  are  mixed  with  milk  of  lime  until 
faintly  alkaline  in  reaction,  and  then  with  calcium  chloride  soluuon 
until  no  further  precipitation  of  phosphates  results.     The  volume  is 


Ciuiitiuiii  ziiK'  ililiiridc.     x  3i»i. 


made  up  to  600  c.c.  by  adding  water,  ami  the  solution  is  filtered.  500 
c.c.  of  the  filtrate  are  rendered  slightly  acid  by  the  careful  addition  of 
10  per  cent,  acetic  acid,  then  placed  in  a  large  evaiwrating  dish,  and 
evaporated,  at  first  over  a  Hame,  but  afterwards  on  a  water-bath,  until  the 
volume  is  about  40  c.c.  The  lesulting  syrup  is  then  transferred  to  a 
sto{)pered  measuring  cylinder  of  at  least  200  c.c.  capacity,  the  last  trace 
of  the  Huid  being  washed  into  the  cylinder  by  means  of  absolute 
alcohol.  The  solution  is  made  up  to  200  c.c.  with  absolute  alcohol,  and 
is  then  allowed  to  sUnd  24  hours  so  that  all  the  sodium  chloride 
may  become  precipitated.  The  solution  is  filtere<l  through  a  dry  filter 
IKiper,  and  of  the  filtrate  two  samples  of  80  c.c.  each  are  measured  into 
small  beakers,  and  mi.xed  with  1  c.c.  of  alcoholic  zinc  chloride.  The 
beakers  are  covered  with  a  ground  glass  plate  and  placed  in  a  cool 
place  for  at  least  three  days,  the  contents  being  briskly  stirred  at 
least  once  a  day.     The  creatinin  zinc  chloride  separates  out  as  a  dirty 
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white  precipitate  adhering  to  ilie  sides  ..f  the  boaker.  f )..  nucroscopic 
examination  the  crystals  consist  of  fine  needles,  which  are  jiroiq^d 
into  rosettes  or  sheaths  (see  Fig.  27:1).  The  precipitate  is  .•■  te^l. 
either  on  a  weightnl  filter  (see  p.  484),  or.  if  it  be  desired  to  determine 
the  nitrogen  present,  on  an  ash-free  filter. 

In  either  case  the  precipitate  is  washe.l  with  absolute  alcoh<.l  tw..  or 
three  times,  and  is  then  either  dried  and  weighe.l,  or  is  transierred 
along  with  the  filter  paper  to  a  Kjeldahl's  flask,  and  the  nitrogen 
determined. 

100  parts  creatinin  zinc  chloride  =  62-44  parts  creatinin. 
100  parts  nitro,   n  corresiwiid  to  =  269  iwrts  creatinin. 
The  80  c.c.  alcoholic  extract  employed  above  corresjiond  to  192  c.c. 
of  the  urine  employed.     By  adopting  the  method  described  above  (^... 
by  Uvking  aliquot  parts  of  the  various  filtrates)  the  necessity  ot  washuig 
the  various  precipitates  is  obviated  and  much  time  is  thereby  saved. 

Creatinin  also  forms  a  double  salt  with  merciiik  rhimule  having,  accord- 
ing to  Johnson,  the  formula  4(C,H,N,0  .  HCl .  Hg()):mgCl,    This  sa  t 
may  be  obtained  by  mlding  to  urine  a  twentieth  of  its  bulk  of  a  co  d 
saturated  solution  of  sodium  acetate,  and  a  fourth  of  its  bulk  of  a  cold 
saturat.  (1  mercuric  chloride  solution.     An  immediate  precipitate  of  in- 
organic bodies  and  urates  falls  down,  and  if  this  be  filtered  off",  the  filtrate, 
on  sunding,  gradually  develops  a  further  precipitate,  said  by  Jonston 
and  Colls  to  consist  of  pure  mercuric  creatinin.     It  has  been  suggested 
to  collect  this  precipiUte,  dry  and  weigh  it,  an.l  calculate  therefrom  the 
amount  of  creatinin  present.    On  testing  the  method  as  above  described 
I    found   that   the  results,  when  compared   with   those  obtained   by 
Salkowski's  method,  were  very  unreliable,  and  that  if  the  first  filtrate 
were  warmed  as  suggested  l>y  Halliburton,  in  order  to  acce  erate  the 
precipitation  of  the  creatinin  compound,  a  black  mass  of  redu.ed  mercuric 
„xide  was   almost  invariably  obtained.      Moreover,  if  the  precipitate 
were  collected  and  dried,  and  an  estimation  of  its  mercury  contents 
made,  it  was  found  that  the  precipitate  was  far  from  pure.     I  found, 
however,  that  the  impurities  were,  to  a  large  extent  at  least,  insoluble 
in  10  per  cent.  HCl,  so  that  by  washing  the  .lohnson's  precipitate  with 
acid  of  this  strength,  an  almost  pure  solution  of  the  meicury  salt  in 
hydrochloric  acid  was  obtained.      This  solution  was  then  neutralised 
and  its  mercury  contents  estimated  by  a  titrimetric  method  described 
by  Hannay  in  Sutton's  Vobm.frk  Jnahjsix,  p.  241,  and  from  this  the 
amount  of  creatinin  was  calculated.     The  results  thus  obtained,  when 

>Thi8  n.etho<l  of  estinmting  ereatii.in  alll.ough  tl.e  most  accurate  U  aln.ost 
prohibitive  or.  accouiU  of  tlie  exiH-n«-  of  absolute  aL-ohol. 

'  2h 


I 


466 


PRACTICAL  PHYSIOLOGY 


compared  with  those  obtained  by  Salkowski's  method  showed  the 
method  to  lie  a  fairl}-  reliable  one.  Before  adopting  it  iis  a  standanl 
methfMl,  however,  it  will  be  necessary  to  study  more  fully  the  exact 
formula  of  the  mercury  compound,  as  there  can  be  no  doubt  that  this  is 
variable. 

The  excretion  of  endogenous  creatinin  is  increased  after  severe 
muscular  work.  It  is  markedly  diminished  in  amount  in  certain  blood 
diseases  associated  with  enlargement  of  the  spleen.  Itt  excretion  in 
dogs  after  removal  of  the  spleen  is,  however,  not  aftected.  It  is  said 
also  to  l>e  decreased  in  patients  suffering  from  muscular  atrophy,  biit  I 
have  been  unable  to  verify  this. 

Ammonia.— KsHmatian  (Schlosing's  Method).-  25  c.c.  of  urine  are 
placed  in  a  flat  glass  dish  with  vertical  sides,  and  mixed  with  20  c.c. 
mill:  of  lime.  The  vessel  is  placetl  on  a  ground  glass  slab,  and  is 
covered  by  a  glass  triangle,  resting  on  which  is  another  vessel  containing 
20  c.c.  of  one-fifth  normal  or  deci-normal  sulphuric  acid.  The  whole  is 
coveretl  with  a  bell  jar,  and  left  standing  several  days.  The  lime  expels 
the  free  ammonia,  which  is  at  once  taken  up  by  the  sulphuric  acid. 
The  amount  of  acid  which  has  not  been  neutralised,  is  then  determined 
by  titration,  as  described  on  p.  244. 

Variat'ums  in  Amount  i-'-irrfZ/rf.— While  discussing  the  metabolism  of 
urea,  it  will  be  remembered  that  one  of  its  chief  precursors  is 
ammonium  salts.  This  fact  would  lead  us  to  expect  that  the  adminis- 
tration of  those  salts  by  the  mouth  would  be  followed  by  an  increase 
in  the  amount  of  urea  excreted.  This  is  found,  however,  not  to  be  the 
case  with  all  the  salts  of  ammonia,  but  only  with  those  in  which  the 
acid  radicle  present  is  easily  dislodged ;  whereas  in  those  salts,  such  as 
chlorides,  in  which  the  acid  radicle  is  very  firmly  attached,  there  is  no 
increased  excretion  of  urea,  but  instead  of  this  an  increased  excretion  of 
ammonia.  It  must  be  pointed  out,  however,  that  this  statement 
regarding  chlorides  is  true  only  in  the  case  of  carnivorous  and  omni- 
vorous animals,  whereas  in  herbivorous  animals,  there  are  so  many 
strong  bases  taken  with  the  food  that  the  ammonium  chloride  at  once 
undergoes  double  decomposition  in  the  tissues,  the  chlorine  combining 
with  sodium  to  form  sodium  chloride,  and  the  ammonium  combining 
with  carbonic  acid  to  form  ammonium  carbonate,  which  becomes  at 
once  transformed  into  urea.  The  administration  of  ammonium  chloride 
to  rabbits  along  with  their  ordinary  food  has,  therefore,  no  effect  on  the 
excretion  of  ammonia,  but  if  the  rabbit  be  starved,  i.e.  \^e  caused  to  live 
on  its  own  tissues,  then  an  immediate  increase  in  the  ammonia  excretion 
follows  the  administration  of  this  salt. 

A    second    condition    which    leads    to   an    increasetl    excretion    of 
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ammnnia  salts,  is  the  presence  of  free  acids  in  the  tissues.  This  itocurs 
in  severe  forms  of  Diabetes  mcllitns,  where  oxybutyric  acid  exists ;  or 
after  the  administration  of  mineral  aci<ls  by  the  mouth.  Now  the 
presence  of  free  acids  in  the  tissues  is  inconipjitible  with  life,'  and  in 
oruer  to  neutralise  the  free  acid  8(»nie  of  the  ammonia,  which  otherwise 
would  have  been  transforme<l  into  urea,  is  utilised.  An  examination  of 
the  urine  in  these  cases  will  show  an  increase  in  the  ammonia  excretion, 
with  a  corresponding  decrease  in  urea.  Of  course,  where  other  Itases 
are  present  in  sufficient  amount  to  neutralise  the  acids  preseit  in  the 
blood,  the  ammonia  is  left  alone. 

A  third  condition  which  influences  the  excretion  of  ammonia,  and 
more  especially  its  relationship  to  urea,  is  dise^ise  of  the  liver.  Thus  in 
acute  yellow  atrophy,  where  the  liver  cells  becimie  inactive,  there  is  an 
enormous  increase  in  the  amount  of  ammonia  excreted  and  a  corresjKind- 
ing  decrease  in  the  urea.  In  phosphorus  poisoning  the  sjime  conditiw.i 
exists,  the  protoplasm  of  the  cells  being  replaced  by  fat,  and  thereby 
rendereti  incapable  of  tniiisforming  the  ammonia  into  urea.  In  less 
severe  disease  of  the  liver  it  seems  prolmble  that  a  tendency  to  the 
condition  exists,  viz.  an  increase  of  ammonia  at  the  expense  of  urea. 
An  estimation  of  these  two  bodies,  therefore,  should  always  be  made 
where  obscure  disease  of  the  liver  exists,  and  although  a  disturl)ance  in 
the  relationship  between  them  does  not  of  necessity  imply  hepatic 
disease,  it  nevertheless  furnishes  a  valuable  aid  to  the  diagnosis  in 
doubtful  cases. 

Estimation  of  the  Inorganic  Constituents  of  Urine. — I'^ch  of  these 
may  be  determined  by  the  usual  gravimetric  chemical  methods, 
but,  in  order  to  carry  out  this  satisfactorily,  a  considerable  amount 
of  chemical  technique,  as  well  as  the  use  of  an  accurate  chemical 
balance,  is  necessary.  It  is  usual,  therefore,  to  employ  instead  a 
titrimetric  method  which  yields,  in  most  cases,  sufficiently  accurate 
results  for  physiological  purposes,  and  which  involves  nujch  less  time 
than  does  the  gravimetric  method.  The  principle  of  the  method 
consists  of  the  addition  of  a  standardised  solvition  of  some  well-known 
precipitant  of  the  body  which  is  to  be  determined,  to  a  measured 
fjuantity  of  urine.  A  stondardised  solution  is  one  of  such  a  strength, 
that  each  cubic  centimetre  of  it  corresiiontls  to  a  definite  amount  of  the 
body  which  it  is  desired  to  determine.  When  sufficient  of  this  solution 
has  been  addetl  to  precipitate  all  the  substance,  and  a  slight  excess  of  it 
is  accordingly  present  in   the  fluid— this  being  determined  by  some 

'  Thus,  the  presence  of  free  acids  in  dialietea  prolmbly  accounts  for  l'  occurrence 
of  iliftlietic  coma,  of  which  complication  the  majority  of  ilialieticH  mo.  Similar 
symptoms  of  coma  are  prmUiced  by  injecting  acids  into  the  blood  vessels. 
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indicator — the  number  of  c.c.  of  the  precipitant  employed  is  read  off, 
and  this  result,  multiplied  by  the  standard  of  the  solution,  gives  the 
amount  of  substance  in  the  number  of  c.c.  of  the  urine  employetl. 


CHAPTER  XIII. 


URINK-CONTIMKI). 

Estimation  of  Chlorides. — The  Starulird  Solutiim, — Dissolve  29075 
grammes  of  fused  argentic  nitrate  in  a  litre  of  distilled  water :  I  c.c.  = 
0-0  L  gr.  NaCl. 

The  ImliaUoT. — A  saturated  .solution  of  neutral  potassium  chromate. 
This  gives  a  red  precipitate  with  AgNO.j. 

Tititiiicm. — Place  10  c.c.  of  urine,  diluted  with  100  c.c.  wrter,  in  a 
porcelain  basin,  and  add  a  few  drops  of  the  potivssium  chromate  solution, 
till  a  distinct  yellow  colour  is  pro<luced.  The  .standard  sohition  is  now 
run  in  from  the  burette.  As  this  solution  comes  in  contact  with  the 
urine  a  red  colour  is  produced,  which  disappears  on  stirring,  until 
a  slight  excess  is  present,  when  an  orange  tint  persists.  From  the 
number  of  c.c.  of  the  standard  solution  employed  1  c.c.  is  .subtracted, 
since  the  urine  contains  besides  chlorides  certain  substances  which 
combine  with  silver  nitrate  before  the  chr  mate  does. 

Estimation  of  Phosphates. — The  Stundard  Solution. — Dissolve  .'i55  gr. 
of  uranium  nitrate  in  a  litre  of  water :  1  c  c.  =0005  gr.  phosphoric  acid 
(P.,0^).  On  account  of  the  nitric  acid  which  is  liberated  when  this 
solution  reacts  with  the  phosphates,  it  is  necessary  to  add  to  the  urine 
a  solution  of  sodium  acetate,  which  will  absorb  the  free  acid  and  prevent 
it  dissolving  the  uranium  phosphate,  for  all  phosphates  are  soluble  in 
free  nitric  acid. 

This  solution  is  made  by  dissolving  100  gr.  sotlium  acetate  in  900  c.c. 
water,  and  adding  to  this  solution  100  c.c.  glacial  acetic  acid. 

The  Indicator. — Tincture  of  Cochineal  (tinct.  Cocci.  B.P.).  This  gives 
a  green  colour  with  uranium,  but  not  so  long  as  any  unprecipitated 
phosphates  exist  in  the  solution. 

The  Titmtion. — Place  50  c.c.  urine  in  a  jjorcelain  basin,  add  5  c.c. 
sodium  acetate  solution  and  cochineal  until  the  solution  is  distinctly 
red.  Now  bring  the  solution  to  the  boil  and  nui  in  the  standard 
solution  from  a  burette,  until  a  faint  green  colour  persists  even  after 
boiling. 

This  result  gives  the  tokd  phosphates  (i.e.  alkaline  and  earthy). 
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The  Earthy  Phosphates  may  be  dctermiiuHl  liy  the  foll<iwin<; 
methixl :  -  200  c.c.  urine  are  mixed  with  ammonia  till  .strongly  alkaline 
and  left  standing  over  night.  The  earthy  jjhoxphatc*  are  thiis  pre- 
cipitate*!.  They  are  filtered  ofl,  washetl  with  <liliite  ammonia,  removed 
fiom  the  filter  paper  to  a  hasin  l»y  means  of  a  wash  Itottle,  and  the 
precipitate  dissolved  by  lioiling  it  with  a  few  drojw  of  acetic  acid. 
The  resulting  solution  is  made  up  to  50  c.e.  anil  the  e.stimation 
carried  out  as  above. 

By  subtracting  the  earthy  from  the  total  phosphates,  we  obuin  the 
amount  of  the  nlbilinf  jthosjihufes. 

Sulphates.     The  volumetric  method  for  the  determuiation  of  sul 
phates  is  very  unsatisfactory,  on  account  of  there  being  no  coloured 
indicator  for  the  end  of  the  reaction.     It  will  therefore  be  necessary 
to  describe  the  gravini(!tric  as  well  as  the  volumetric  niethc;' 

/.  The  Vohimetrii-  Metho>l .—The  Shuidmd  Solidion.-'MTi  gr.  crystal- 
lised barium  chloride  are  dissolved  in  a  litre  of  distilled  water; 
1  c.c.  =  0-0 1  gr.  of  sulphuric  acid  SO.,. 

The  Indicator.— A  20  per  cent,  solution  of  sulphate  of  potassium. 
The  Tiiiii Hon.— 100  c.c.  urine  are  boiled  in  a  tlisk  with  5  c.c.  of  pure 
hydrochloric  acid  so  as  to  decompose  the  ethereal  sulphates,  which 
otherwise  do  not  give  a  precipitate  with  barium  ch.oride.  Now  run  in 
about  5  c.c.  of  the  standard  solution  from  a  burette,  lx)il  and  allow  to 
stand  till  the  precipitate  has  settled,  then  add  a  few  drops  more  and 
see  if  the  further  precipitate  is  prwluced.  If  there  be  any  doubt  of 
this,  remove  some  of  the  clear  fluid  to  a  watch  glass  which  is  placed 
on  a  piece  of  black  glazed  paper,  and  add  a  drop  of  the  barium  chloride 
solution.  If  a  iirecipiUite  results  replace  the  contents  of  the  watch 
glass  in  the  flask,  and  add  more  barium  chloride.  The  titration  must 
])e  carried  on  in  this  method  until  no  more  precipitate  is  obUiined  with 
barium  chloride.  A  sample  of  the  supernatant  fluid  is  then  mixed  in 
the  watch  glass  with  a  drop  of  the  sodium  sulphate  solution,  when  oidy 
a  very  slight  haze  should  be  obtained.  It  is  necessiiry  to  repeat  the 
determination  several  times  before  an  accurate  result  can  be  obtained. 

II.  Gravimetrir  Mlhod.  The  Total  SitIph<tfe.'<.—]io\\  100  c.c.  of  urine 
with  5  c.c.  HCl  as  before,  and  add  to  the  resulting  solution  a  solution 
of  barium  chloride  till  no  more  precipitate  is  produced.  Filter  off 
this  precipitate  of  barium  sulphate  through  an  ash-freo  filter  paper, 
and  wash  it  with  boiling  water  till  the  wa.shing8  no  longer  give  a 
precipitate  with  sulphuric  acid.  Dry  the  filter  paper  and  precipitate 
in  an  air-bnth  at  100°  C,  and  when  dry  remove  them  to  a  crucible 
which  ^■'?  .eaied,  at  first  gradually,  but  afterwards  with  a  strong 
flame.    When  the  mass  has  become  white  allow  it  to  cool  in  a  desiccator. 
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then  imI(1  a  few  drops  of  pure  sulphuric  acid  and  again  heat  very 
gradually  to  redness,  Uiking  great  care  that  none  of  the  contents  of  the 
crucible  are  lost  by  spirting. 

The  sulphuric  acid  is  added  to  convert  into  sulphates  any  sulphides 
which  may  have  formed. 

Nt)w  cool  in  a  desiccator,  weigh  and  deduct  the  weight  of  the 
cnicible,  when  the  remainder  will  corresiwnd  to  the  amount  of  barium 
sulphate  forme<l,  100  parts  of  which  correspond  to  34  33  i^rts  of 
sulphuric  ncid  (SO.,). 

The  Ethereal  Sulphates.  (Salkowski's  method).— The  inorganic 
sulphates  are  precipitated  by  means  of  an  alkaline  solution  of  barium 
chloride,  the  resulting  barium  .sulphate  is  tilterei  off,  and  the  filtrate 
is  acidified  with  hydrochloric  acid,  and  heated  just  to  boiling  point  over 
an  asbestos  plate.  The  heat  decomposes  the  cthereid  sulphates,  which 
at  once  combine  with  the  excess  of  Itarium  salts  pre-xeiit. 

In  making  a  quantitative  determination  100  c.c.  urine  should  be 
mixed  with  100  c.c.  Imrium  chloride  solution ;  and  of  the  filtrate  only 
100  c  c,  corresponding  to  50  c.c.  original  urine,  should  be  taken  for 
the  estimation,  as,  by  so  doing,  the  necessity  of  washing  the  precipitate 
is  o))viated. 


CHAPTER   XIV. 


THK  METHODS  FOR  THE  ESTIMATION  OF 
GENERAL  METABOLISM. 

Mct.vboj.ism  is  the  subject  which  treats  of  the  changes  undergone 
by  the  food  stuffs  after  they  are  absorbed  from  the  intestine.  There 
are  two  subdivisions  of  the  subject ;  the  one  called,  (jenenil  inetaMwn, 
has  to  do  with  the  building  up  or  breaking  down  of  the  tissues.'  It 
derives  its  information  from  a  comparison  of  the  amount  of  the  various 
food  stuffs  al>sorbed,  with  the  amount  of  their  excretory  products. 
The  other,  called  specuil  nwfaholixm,  has  to  do  with  the  exact  chemical 
changes  which  absorbed  fo(xl  stuffs  undergo,  and  the  localisation  of 
the  actual  organ  or  organs  in  which  the  various  changes  are  effected. 

Space  will  only  permit  us  to  indicate  some  of  the  methofls  employed 
in  studying  general  metabolism,  and  to  describe  briefly  how  the  results 
obtained  may  be  interpreted.  The  actual  methods  of  analysis  have 
alreafly  been  fully  described  in  the  previous  chapters,  and  in  the 
following  description  reference  will  be  made  to  the  pages  on  wliich  the 
most  suitable  method  for  each  determination  can  be  found. 
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Oenenl  M«t»boli«n.  -In  onlcr  to  study  thii  a  loilaiice  nheet  nmst 
Im!  drawn  up,  on  one  side  of  which  is  phued  the  intnkf  (the  anuMiiit  of 
f(K)d  tiwl  oxygen  aJworhed).  and  on  the  other  the  initjmt  (the  aniount  of 
the  various  IkkHps  excreted  in  the  urine,  faeces,  hieath,  and  sweat). 

I.  The  Intake.— The  value  of  a  <liet  can  l>e  expre,s.sed  cither  as 
its  chemical  valr  •,  t>r  as  its  physical  value.  The  iheinicnl  vaho'  means 
the  amount  of  proteid,  fat,  carlM)hydrate,  and  sidt  which  it  contains. 
This  is  determined  by  referring  to  analytical  tables  of  the  variou.s  f.xsl 
stutts  (especially  .serviceable  for  this  purjxtse  are  the  tables  of  Ki.nig. 
The  a.nount  of  the  various  focxl  stuffs  administered  can  then  be 
easily  determined  by  multiplying  the  p«>rcentage  given  on  the  tables 
by  the  amount  of  iwn\  given.  When  it  is  desiroil  to  l>e  siH'cially 
accurate  an  actual  analysis  of  the  UhA  is  necessary,  aiul  when  the 
metabolism  of  proteid  i.s  being  specially  stu  lied,  it  is  cust.muiry  to 
determine  the  amount  of  nitrogen  which  the  fmxl  stuff  contains 
(Kjeldahl's  method,  p.  --'42),  and  this  multiplie.1  by  6:J  gives  the 
amount  of  proteid. 

The  phifsioloffical  Inut  value  of  a  diet  mejins  the  number  of  calories 
which  it  can  yield  during  its  metabolism  in  the  lK)dy.  To  find  the 
total  heat  value  of  the  <liet,  all  that  is  necessaiy  is  t(.  multiply  th.' 
physiological  heat  values  of  the  administered  food  stuffs  by  the  amoinit 
of  each  which  the  diet  contains. 

The  Form  in  which  the  Pood  Stuffs  are  best  given  for  Metabolism 
Experiments.  Proteid.— This  is  usually  gi^en  as  meat,  from  which  all 
the  visible  fat  and  tendon  are,  as  far  as  possible,  removed.  When 
calculating  the  amount  of  proteid  from  the  nitrogen  present,  the 
gelatin  and  extractives  which  the  meat  contains  may  be  neglected,  for 
gelatin,  in  the  presence  of  an  exce.ss  of  proteid,  has  the  same  metalM)lic 
value  as  native  proteids,  and  the  extractives  exert  no  influence  on  the 
metalwlism  since  they  pass  through  the  tissues  unchanged.  Proteid 
may  also  be  administered  as  white  of  egg  or  milk. 

Carbohydrate.— This  is  best  given  as  bread  a  day  old,  and  always 
obtained  from  the  same  source,  .so  that  its  composition  is  constant. 

Pat.— About  1  per  cent,  fat  has  to  be  reckoned  as  contained  in  the 
meiit  prepared  as  alwve.     The  rest  is  best  given  as  butter. 

When  the  investigation  is  being  carried  out  on  an  animal,  the  whole 
diet  should  be  weighed  out  in  the  morning,  after  collecting  the  previous 
day's  excreta.  It  is  seldom  necessary  to  cook  the  fo<xl.  but  where 
there  is  difficulty  in  persuading  the  aiiimal  to  take  some  unpalatable 
food  substance,  this  latter  may  be  mixed  with  the  soup  prepared  from 
the  meat,  ^^'hen  the  experiments  are  being  carried  out  on  man,  it 
is  of  course  necessary  to  ciwk  the  meat,  and  frequently  also  sonie  of  the 
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other  foot!  stuffs.  The  various  constituents  must  Iw  weighed  out 
l>eforo  cooking,  as  it  is  impossible  to  know,  after  the  (wxl  has  heei: 
prepared,  the  proportion  of  the  substances  usetl  in  cooking.  For 
oltservations  extending  over  any  length  of  time  the  diet  should  lie 
carefully  ch*)8en,  and  exactly  the  same  amounts  given  each  day. 

II.  The  Ontpat.  — ^By  referring  to  the  following  schema  it  will  be 
seen,  that  the  only  fo<Ml  stutT  which  contains  nitrogen  and  sulphur  is 
proteid.  We  have,  therefore,  two  excretory  prwlucts  from  the  amount 
of  which  we  can  determine  proteid  metabolism.  In  the  case  of  carbo- 
hydrates and  fats,  on  the  other  hand,  there  is  no  exclusive  end  product, 
so  that,  in  orrler  to  estimate  the  metabolism  of  these  two  bodies,  it 
is  necessary  to  make  a  (calculation. 


Proteids- 


Fats 
CarlK). 


H,SO, 


urea,  etc. 


1.  Proteid. — The  output  of  this  is  determined  : 

(a)  From  the  Amoont  of  Nitrogen  Excreted. — Nearly  the  whole 
of  this  occurs  in  the  urine  in  which  it  is  det€rmiried  by  Kjeldahl's 
method  (p.  242).  A  certain  amount,  however,  appears  in  the  faeces. 
With  an  ordinary  diet  most  of  this  latter  comes  from  the  unabsorbed 
proteid,  and  must  accordingly  be  deducted  from  the  amount  administered 
in  order  to  ascertain  the  actual  amount  absorbed.  A  certain  amount 
of  it,  however,  comes  from  nitrogenous  bodies,  which  are  excreted  into 
the  intestine  from  the  blood.  The  actual  amount  of  this  excretory 
nitrogen  has  been  determined  by  feeding  an  animal  with  a  proteid  free 
diet,  and  for  man  it  amounts  on  an  average  to  1  gr.  per  diem.  During 
starvation  it  only  amounts  to  02  gr.  so  that  it  is  obvious  that  it  comes 
from  the  digestive  juices  poured  into  the  intestine  for  the  digestion  of 
the  food.' 

The  amoiuit  of  nitrogen  excreted  in  the  sweat  is  so  small  as  to  be 
negligible.  The  urinary  nitrogen,  plus  one  gramme  per  diem,  as  nitrogen 
excreted  into  the  intestine,  gives  us,  therefore,  the  total  amount  of 
nitrogen  excreted.  Since  proteid  contains  1 6  per  cent,  of  nitrogen,  each 
gramme  of  nitrogen  corresponds  to  6'25  gr.  of   proteid,  and  since 

'  In  accurate  inetaboliBtn  detenniDations  it  18  necessary  to  collect  the  faeces  for 
each  (lay,  to  dry  thein  slowly  on  a  sand  bath,  and  then  to  make  the  following 
determinations  : 

{n)  The  total  amount  of  nitrogen. 

(A)   The  total  amount  of  fat  (i.e.  extract  with  Soxhlet's  apparatus). 

(r)  The  total  amount  of  solids. 
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meat  eontiiins  «)ii  an  average  ;»'4  jht  coiit.  of  Tiitn>gi-ii,  ••nch  grainiiu-  of 
the  latter  will  eorre8|M)ii(l  to  'M)  gr.  of  iiuiscle. 

(6)  Prom  the  unoont  of  Bnlphur  Excret«d.-  rrotei<ls  <imtaiii  1  |mt 
cent,  of  milphur.  This  is  fxcreted  in  the  urine  as  snlphurie  acid,  and 
the  amount  of  this  excreted  hears  a  constant  relationshij)  to  that  uf 
nitrogen,  viz.  1  .>f  sulphuric  acid  for  every  "»•-'  gr.  of  nitrogen.  IJ«'ing 
less  in  ainoinit,  its  <letermination  is  not  nearly  so  accurate  as  that  of 
urea,  hut  it  attonls  us  a  valuahle  rontrol  in  estimating  proteitl  meta- 
lM)lism,  and  is  the  only  way  hy  whic-h  we  can  estimate  this  when 
nitrogenous  IxKlies  other  than  proteid  are  containeil  in  the  diet. 

•2.  Fat  and  Carbohydrate  The  end  pnslucts  of  the  metaholism  of 
iM.th  these  Inxlies  are  water  and  carlM)n  dioxiile  gas,  and.  of  these 
two  htnlies,  the  only  one  which  it  is  iH)ssihle  to  estimate  with  any- 
thing like  accuracy  is  the  latter.  Proteid.  however,  also  contrihutes 
to  the  excretion  of  carhon  dioxide,  so  that,  hefore  we  can  know  how 
much  carhohydrate  and  fat  are  Iwing  oxidi.sed  in  the  Isnly,  we  nui.st 
find  out  what  pro|H)rtion  of  the  toUd  carlMm  excreted  is  derive<l  from 
the  metalMjlism  of  the  proteid. 

To  estimate  the  total  amomit  of  carhon  excreted,  the  expired  air 
must  be  collected,  and  a  determination  of  the  amoimt  of  carhon  dioxide 
which  it  conUuns  made  by  one  of  the  methtsls  described.  The 
obtained  result  multiplied  by  0'_'73  gives  the  amount  of  rarlnm 
excreted  in  flie  hrealh.  A  certain  amount  of  rarkm  ix  nhn  excreted  in  the 
urine.  This  latter  amount  could  >h5  directly  dtsteniiined  by  making  an 
elementary  analysis  of  the  dried  urine,  but  such  a  methcxl  would,  of 
course,  be  too  laborious  for  metal)oli.sm  work.  In  order  to  determine 
this  amount  of  carbon  all  that  is  necessary  is  to  multiply  the  nitrogen 
oxcrt-cd  by  0-67,  for  it  has  been  <letermined  that,  for  every  gramme  of 
nitrogen  excreted,  there  is  this  amount  of  carlKHi.  and  that  this  ratio  is 
a  constant  one. 

Having  estimated  what  the  total  excretion  of  carbon  is,  we 
must  now  ascertain  how  nnich  of  it  comes  from  proteid.  To 
do  this  multiply  the  totid  amount  of  nitrogen  excreted  by  .'»:» 
(since  proteids  contain  approximately  '^•l-*<  of  carlHwi,  and  1(5  of 
nitrogen).  If  this  amount  of  carbon  he  <le<lucted  from  the  total 
amount  excreted,  the  remainder  corresponds  to  the  carhon  derived 
from  the  combustion  of  fat  and  carl)ohydrate.  As  to  which  i>f  these 
two  bodies  it  is  from  which  the  carhon  really  comes,  we  have  no  means 
of  telling  definitely,  but  since  there  is  very  much  more  fat  than  cari)o- 
hydrate  in  the  tissues  we  usually  reckon  it  as  fat.  J^ch  gramme  of 
carbon  corresponds  to  1  ■.'5  grammes  of  fat  (because  fat  contains  70-5 
grammes  carbon). 
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:t.  Th«  Amount  of  Ibrngy  giTen  oat  by  tho  Body.  Th«  «nu>rg.v  U 
li)H>rati>  ill  thi-  Uxly  jwrtly  an  heat,  ami  |»Hrtly  an  miiiHnilur  work. 
The  animint  aftiially  lost  as  heat  may  \h-  <lt>t«'rmirm<l  hy  phiciiig 
th<!  aninial  in  a  respiration  fah>rinieter,  hut  it  i*  imiMWHihle  to  eHtimate 
directly,  with  anythinj;  like  aeemiicy,  the  amount  hwt  iw  mechanical 
work. 

There  are,  howevei-.  certain  iiuUred  rnHhod:*  hy  which  the  toUil 
amount  of  eiierjjy  lil)erate<l  may  lie  determinwl,  and  thene  arc  a.s 
follows :  (d)  By  coni|Niring  the  amount  of  ffMxl  stuffs  taken  in  with  the 
amount  which  reap|)ears  in  the  excreta,  we  can  find  out  how  much 
of  each  f(MKl  stuff  has  actually  und«'rj;one  metu)M)lism  in  the  tissues. 
It  is  now  i|uite  easy  to  find  h(»w  much  energy  this  corru8iK>ndM  to,  by 
multi/>h/iH(f  the  niimiiiil  i>/  earh  food  Mnfi'  mrhlnii^ed  hif  Hit  culork  niiuf. 
(Where  the  diet  contains  lK)th  fat  and  carlH)hydrate,  and  where  an 
acci'.ii.U'  Ixilance  of  intake  and  output  of  carlnjii  dm's  not  exist,  we  must 
reckon  the  excess  or  deficit  as  f  since  there  is  much  evidence  to  show 
that  the  amount  of  carl'ohy<lrate  in  the  Inxly  remains  pretty  constant.) 

(/<)  The  extent  of  oxidation  in  the  ti.ssues  is  determined,  not  hy  the 
amount  of  oxygen  inspired,'  hut  hy  the  activity  of  the  tissues.  We 
can,  therefore,  employ  the  nimmnt  of  an/geii  ahmbed  hy  the  tixsufjt  us  an 
iiuler  of  the  nmoiint  of  eiienjn  libcmted  in  them.  In  onler  to  do  this, 
however,  it  is  necessiiry  to  rememher  that  the  amount  of  energy' 
liherated,  when  different  ftxHl  stuffs  are  hurnt,  is  not  the  same ;  thus 
1(H)  gr.  of  oxygen  are  necessary  for  the  combustion  of  ."ir)  gr.  of 
fat,  the  amount  of  energy  hereby  lil)eratcd  amcmnting  to  ^2')  calories. 
The  S4ime  amount  of  oxygen  will  burn  up  84-4  gr.  of  carbohydrate, 
and  yield  thereby  346  calories,  or  744  gr.  proteid  yielding  36-_' 
calories.  It  is  therefore  necessary,  liefore  employing  the  oxygen 
ab8orbe<l  as  an  index  of  the  amoinit  of  energy  liberated,  to  a.scertain 
that,  when  the  determination  is  being  made,  the  food  stuffs  under- 
going oxidation  are  always  the  .same.  This  can  Vm  ascertained  by 
estimating  the  respiratory  (juotient,  the  vahie  of  this  being  influenced 
mainly  by  the  nature  of  the  fofnl  stuff  undergoing  combustion  at  the 
time  (see  p.  14')).  So  long  lus  the  Ji'.Q.  remains  constant,  any  increase 
or  diminution  in  the  amount  of  oxygen  absorbed  represetits  more 
or  less  energy  libciated.  In  oi-der  that  we  may  Iw  able  to  compare  the 
oxygen  a.ssimilation  <if  different  individuals  under  the  sjime  conditions, 

'This  statement  may  lie  true  for  slight  variations  in  the  amount  of  oxygen 
supplied,  Imt  where  the  jMirtiul  pressure  of  oxygen  is  increased  to  one  atmosphere 
a  very  marked  depression  in  the  output  of  CO-^  iesull».  These  experiments  were 
carried  out  on  mice,  the  determinations  being  made  by  the  gravimetric  metho<l 
(Hill  and  Macleod). 
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Ziintz  hiw  mity{.'«t.Hl  that  th.-  .l.-t.-nniimtioii  Kh..iil<l  U-  ma.l.-  th.-  Hi^t 
thiiij,'  in  tho  nioniinn,  iniim-luit.-ly  "»  awak.-i.inn.  aiul  tw.-K.'  h.Mii- 
after  tho  la-t  «lii't  (which  Hhoiihl  not  .oiitaiii  inn.h  ,ar»H.hy.liat.)  ha* 
Wen  taken.  Th.-  estimation  nhouLI  U-  ina.le  l.y  Z.nit/  ivspinitoiy 
aniwrutuH.  The  amount  of  oxygen  a»Mo,lK-.l.  an.i  of  earlnai  .lioxule 
exhaleil.  is  then  mkon..l  for  eaeh  kilo.  Innly  weight,  an.l  for^  ea.  h 
m'nute.     The  nonnal  amounts  for  man  are  :\  to  \:>  c.e.  <>,  an.l  ■.•••  to 

3r>  e.e.  CO.,.  ,     .     , 

Bzunplfl'  Of  a  MeUbollmi  Inrettigatioii.  It  is  .lesn-..l  to  know 
whether  a  .liet  eonUining  I'jr.  gmmmes  protei.l,  .V*  gran.n.e-  <at.  an.l 
5(M)  grammes  earlM.hy.lrate  is  snttieient  for  a  man  .lonig  a  ni.n.erate 
amount  of  work. 


Proteitl. 

Carbo., 

Fat, 


Carbon. 

«2  gr. 
200 

38 


Intakk. 

Nitrogen. 
20  gr. 


Total,  300  gr. 


In  urine, 
In  faeces, 


20  gr. 

OuTJ'rr. 

Carbon. 
11  gr.     (16-5  X  0-67) 
5 


Calories. 

.')12-.") 

20.">00 

4<)r)<> 

3027  a 


Nitrogen. 
1  <)•.")  gr. 
10 


In  the  breath,   254 


Totol, 


270  gr. 


17-5  gr. 


Betained  in  Body.  -30  grammes  carlK.n  an.l  2-.*)  grammes  nitr..gen. 
This  anu.unt  of  nitrogen  represents  2  5  x  C.-J.-.  -  ir.li  gnimmes /.*•/,/«./. 
or  7')  grammes  mitsrlf.  N.)w,  this  amount  of  protei.l  will  acount  for 
8-25  grammes  carlnm ;  so  that  30  -  f<-2r>  =  21-7.-)  grammes  tar»H.n 
represents  21-7:)  x  1-3  =  28-3  grammes  tat.  On  this  .liet,  theref..re, 
the   subject   retains  in  his  tissues  I5-G  gr.  pr.)tei.l  an.l   2H-3  gr.  fat 

per  dien. 

To  express  this  result  in  terms  .)f  energy  lilwrated,  we  k  ,  ■  that 
3027-5  C.  were  supplied  and  that  all  these  have  been  use.l  e.xcept 
1.5"ex4-l=64  retained  as  proteid,  and  283  x  93  =  2632  retaine.l  as 
fat ;  or  t«  Mo  3272  C.  We  find,  therefore,  that  30275  -  3272  =  2.7tKl 
C.  have  been  required. 
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CIIAFTKU   XV. 

FIHRIN«MiK><.     KIHKIN    KKRMKNT. 

Preparation  of  Fibrinogen.    DUnmI  pliiNtnn  oliUiined  )iy  »ny  of  thn 

iiifthiHls  i|i>tail)Hl  oil  |Mig(>  lUO  cxcfpt  the  neutral  wilt  iiK'tliiMl.  in 
thoroughly  niixi-d  with  an  cxiictly  i>i|Uiil  anioiiiit  of  a  cold  ttatiiratiMi 
Noliitioii  of  s<Nliiini  (hloriile.  Hy  thJM  incaiis,  half  xatiiration  with 
HtMliiim  I'hIoriiU'  in  olttuiiicd  in  the  niixtiirc  and  in  thix  the  iiliriiio;;on  ih 
pn'ci|)itat«M|,  whuroiiH  the  other  jiloliiiliii«  remain  in  Holiition.  The 
precipitate  is  collected  on  a  fohled  KIter  (see  p.  4H.'{),  washed  ipiickly 
with  a  half  sjitiirated  solution  of  HiMliiini  chloride  and  redissolved  liy 
iiddiiij;  water  to  it.  The  mdt  adhering  to  the  precipitate  fonns  with 
the  water  added  to  the  latter,  a  weak  saline  solution  and  in  this  the 
tihrinogcn  dissolves.  This  process  of  purification  "lay  Ik-  re|)eated 
several  times,  hut  the  ojR'ratioim  must  he  very  <|Hickly  carried  out  an, 
otherwise,  the  precipitate  of  fi)iriiiof;eii  heeomes  iiisoliihle  in  a  weak 
Miline  solution  ^Hammarsten''  niuthiMl). 

Preparation  of  Fibrin  Ferment.  HIo<mI  serum  or  some  defihrinated 
1i1(mkI  is  mixed  with  twenty  times  itb  hulk  of  alcohol.  A  copious  white 
jirecipitjite  of  all  the  proteids  is  therein"  ohtained.  This  precipitate  is 
allowed  to  stand  under  the  alcohol  for  two  months.  After  this  time 
all  the  preci])itated  proteids  except  fihrin  ferment  hecome  coagulated  so 
that  they  are  no  longer  soluhle  in  their  original  solvents.  The  fluid  is 
then  pipetted  off  and  the  setliment  collected  on  a  filter,  and,  after  the 
spirit  has  drained  off,  ground  up  in  a  mortar  with  water.  The  result- 
ing extract  is  filtered  and  contains  the  fihrin  ferment. 


CHAPTER  XVI. 

THE  PHOTO(iRAI'HIC  SPECTRA  OK  HAKMOiJLOlUN  AND  ITS 
DERIVATIVES.     THE  SPECTROPHOTOMETER. 


I 


Photographic  Spectra  of  Haemoglobin. — Certain  ahsorption  Ixvnds 
in  the  violet  end  of  the  spectrum  are  characteristic  of  haemoglohin 
and  its  derivatives.  These  may  he  demonstratefl  hy  photographing 
the  violet  end  vvheii  .solutions  of  haemoglohin  or  certain  of  its 
derivatives  arc  placed  l>otween  the  slu  and  the  source  of  light.  They 
may  also  he  shown  hy  projecting  the  rays  issuing  from  the  telescope 
upon  a  fluorescent  screen  according  to  the  following  method. 
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Very  (•oiiHi.l..iH»»l<'  illnniiimti..n  in  iv.|iiir.'.l.  A  iN-am  »i  Minlij:ht 
prc.j.'«t."<l  I'.v  «  h.-lioHtat  i«  prulMiMy  tlu-  >H-Hf  illiimiimii..M  m  .•.rtain  ..f 
th.-  Kiaiinh..f.r  liiun  ( 11  A  K)  iiny  U-  Hi'i-n,  though  in.liMiit.tly.  aii.i  tluin 
«x  th.'  iHwiti.iii  <>(  thf  alworptiuii  lMiiMl>«  ap|Marin^'.  In  .l.-faiilt  ..I  thi* 
an  .'Wtiie  an-  lamp  may  U-  uh.-.I.  aii.l  if  mtiial.-.!  I.y  th.-  .•..ntihu..ti, 
current  th.-  ixwitiv.'  jh.!.-  Hhoiil.l  U'  arraii^f<l  to  K.-n.l  a  Inam  tlir.MiK'li 
the  hUi  of  th.!  lollimator  of  an  ordinary  .omiH.ini.l  r.|H-<troM,u|N-.  11..' 
Klit  nuiHt  »K!  o|M-m'<l  v.ry  wi.l.'ly.  Th.-  .-y.-pi.-.v  of  th.-  t.-l.-«.M.|K-  ih 
r.m>ov.-<l,  aii.l  th.-  i>*>.iiing  rayn  .an  »m-  f.HiwH.-.l  on  a  H.r.-.-n  having  ii 
(Mmting  .)f  Iwirium  phitino-iyani.U'  lix.-.t  a  f.-u  in.li.-x  from  th.«  .-y.- 
pi»!«.-i'.     ThiJ  H|K't-trum,  with  th.-  In-am  from  th.-  |M.Kitiv.-  jH.h-  .if  an  ar.- 


Til'!  SjieclrophiitoiiH'tiT. 


himp,  i>.  continu.mn,  hut  if  the  art-  lamp,  u^inj;  an  alt.-rnatinj,'  .nrr.-nt,  1..- 

adopte.),  certain  ahs.trption  han.U  will  Iw  s i  in  thef,'r.-en  tluort-w.-nif 

which  replaces  tht-  vit.let  i-ii'l.  They  tlo  not  gr.-atiy  int.-rf.-re.  how.-v.-r. 
wi»h  the  development  .)f  the  al>!*.)i-])t.  't  hands  characteristic  of  oxy- 
haem.>gl.)l>in  and  the  haenio<{lohin  d.-rivativ.-s.  and  thes.-  hands  ajiixar- 
ing  in  the  regi.in  l>etw.\en  th.^  Fraunhiif.-r  lines  (1  ,V  H  vary  somewhat 
in  position  according  to  the  particular  suhstance  .-xamin.-il. 

The  8p«ctrophotoinet«r.--Tho  spectrophotomet«-r  is  an  instrum.-nt 
by  moans  of  which  the  amount  of  light  al>sorl.e<'  in  any  jKiit  of  the 
gpectruia  as  the  n-sult  ..f  jwissing  through  s..me  ahsoil.iiig  solution  may 
Ihj  measured.  The  amount  of  light  thus  al)s.)rl>e«l  dejH'n.ls  uix.n  the 
concentration   of   the   solution   an.l   the   thickn.-ss  .)f    the    ahsorlting 

stratum. 

The  instrument  may  Im  used  then  for  two  purj).)s.-s.  ( 1 )  To  measure 
the  amount  of  light  aksorhed  hy  some  mclium  in  any  giv.-n  jMirtion  of 
the  spectrum,  ("2)  t.)  compiire  the  c.incentration  of  .solutions  of  the  same 
sulwtance  at  ditterent  strengths,  and  theref.)re  l»y  compni  ing  the  concen- 
tration of  n\  unknown  solution  with  that  oi  a  sUmdard  t.»  estimate  the 
strength  .)f  such  solution. 


J 
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(ilazehrook's  form  of  the  instrument  consists  of  a  flat  rectangular  Itox. 
At  one  end  ./  is  a  slit.  Light  passing  through  this  is  focussetl  by  the 
lens  L  as  a  parallel  pencil  oJi  the  direct  vision  prisms  SS.  At  G  is  a 
second  slit,  and  light  passing  through  this  is  directed  by  the  mirror  A' 
to  form  a  {wiallel  pencil  below  that  from  ./  ujjon  the  prisms.  By 
adjusting  K  the  spectra  may  be  made  to  coincide.  The  emergent 
beams  are  focu.sse(l  by  .1/  and  the  line  of  separation  may  1>e  made 
distinct  by  nxtvement  of  the  eyepiece  //.  At  U  and  F  are  polarising 
Nicols  prisms,  /'  ))eing  its  principal  axis  vertical,  G  horizontal.  An 
analysing  Nicol  is  at  //,  and  when  the  pointer  of  the  rotating  eyepiece  is 
at  zero  the  principal  axis  of  this  is  vertical.  The  light  passing  through 
./  is  wholly  transmitted  through  the  analyser  at  positions  0°  and  180°, 
that  from  G  is  totally  extinguished.  At  90'  and  270°  the  whole  uf  that 
from  G  passes,  but  none  from  .4.  By  means  of  a  sliding  slit  at  B  any 
desired  jM)rtion  of  the  sjjcctrum  may  be  viewed.  Between  0  and  90° 
some  portion  will  exist,  when  the  amount  of  light  passing  from  the  tw(» 
sources  is  ecjual.  Let  the  angle  when  this  hapi)ens  Ihj  called  6.  Now, 
suppose  a  cell  of  1  cm.  internal  width,  containing  an  absorbing 
substance,  be  place<l  between  A  and  .1/,  scmie  new  position  of  the 
pointer  which  may  be  called  0,  will  now  pennit  e(|ual  passage  of  light. 
A  certain  amount  of  light  (k)  will  be  lost  by  absorption  of  the  substance, 
and  this  may  be  ascertained  from  the  e<)uation. 

tan-'^, 
tan  -C 

The  light  absorbed  in  different  portions  of  the  spectrum  by  a  solution 
of  haemoglobin  may  thus  be  estimated. 

(1)  To  estimate  the  concentration  of  an  absorbing  substance  the 
method  suggested  by  Lea  may  be  adopted. 

A  standard  solution  of  the  substance  is  examined  in  a  cell  of  known 
thiclvnes.s,  and  tlie  position  of  the  pf)inter  determined  when  the  intensity 
of  the  two  images  is  identical.  The  unknown  strength  is  then  taken 
and  placed  in  a  cell,  the  thickness  of  which  can  he  varied.  This  is 
substit\iied  for  the  standard.  The  thickness  of  the  cell  is  adjusted  till 
the  |X)sition  of  c(iual  intensities  is  the  same  as  when  the  standard  was 
\r.         examination. 

It  '■  be  the  t|uantitv  of  absorliing  material  in  a  unit  of  volume,  and 
.1/  the  thickness  of  the  cell  in  the  case  of  the  stiuidard,  and  c'  and  /«' 
in  the  case  of  the  unknown  strength,  then 

,     <in 

Thus  the  tijiiceiilratioii  of  the  unknown  can  be  estimated. 
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(•')  If  a  cell  of  varial.le  thickness  Ikj  not  availal.le  a  definite  .nmntity 
of  the  unknown  solution  may  l.e  plaee.l  in  the  cell  of  known  thickness 
This  is  diluted  (if  stronger  than  the  st^uidanl)  with  a  kn..wn  quantity  of 
the  diluent  till  the  position  of  the  pointer  is  the  «u,ie  as  when  the 
standanl  was  examined.  This  affords  a  more  <lelieate  means  of  as*-er- 
taining  exact  e.pialitv  of  strength  than  the  naked  eye.  From  the 
amount  of  .liluent  a.lded  the  .strength  ..f  the  ..riginal  al..sorU-nt  .an  he 

calculated.  .  ... 

(.•J)  One  other  meth.Kl  of  estimating  concentration  is  availal.le. 
Place  a  vessel  of  I  cm.  thickness  c.ntaining  the  st^indard  l.etw.-en  one 
\icol  and  the  .source  of  light  and  asi-ertain  «,.  th.-  angle  where  equality  of 
hrightncss  obtains.  Remove  the  sUuidard  and  sul.stitute  the  unknown 
strength  of  absorbing  subsUince  in  a  similar  cell  and  ascerUun  the  anglo 
(«,)  where  e.,ual  brightness  is  observed.  Let  B  be  the  angle  of 
duality  when  no  absorbing  medium  is  Iwing  e.vamine<l.  If  (',  l)e  the 
concentration  of  the  unknown  strength,  an.l  (\  the  concentration  of  the 
standard,  then  C,  may  l»e  a.scertained  from  the  e<iuation 

log  tan  0  -log  tan  6.^ 
^'2  "    '  log  tJin  «  -  log  tjui  tf," 

In  u.siiig  the  spectrophotometer  the  mean  of  at  least  three  observa- 
tions as  to  the  position  of  the  pointer  in  any  particular  case  should  l.e 
taken.  If  the  sub.st<uices  under  examination  give  marked  absorption 
bands  it  is  desirable  to  work  in  a  put  of  spectrum  where  such  l«iiids 
are  absent.     With  oxyhaemoglobin  the  green  alnrnt  A.^)10  is  best. 
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(OuTUSK  OK  Method  for  Detimtion  ok  Vakiocs  1'hvsioi,o.;kai.  Chemicai. 

SUBSTANCKS    IN    A    MlXTIKK.) 

The  following  Physical  Properties  should  be  noted  : 

I.  Appearance. 

A.  Powder.— Dust  some  on  to  a  slide   and   examine   under   the 
microscope  for  sUirch  grains  and  crystals.     Dissolve  some  in  a 

suitable  solvent. 
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B.  Solution. 


1. 


Opaque — may  he  due  to : 

(«r)  suspended  fat  glolmles  -clear  up  with  ether  ; 

(/*)  cerfeiin  inorgjr.i'c  adts  —clear  up  with  mineral  acid  : 

(r)  certain  proteids. 
2.  Opalescent — may  lie  due  to  : 

(ii)  j^lycogen  or  stjirch — iiHline  reaction  ; 

(6)  certiiin  proteids. 
;}.  Deeply  colotired — suspect  hlcxwl. 

II.  Beaction. 

A.  Acid-may  he  due  to  : 

5Jls::it}''pp'^''"""^"^*"'^*'^^|p-"'^- 

If  due  to  free  acid,  ascertain  whether  this  he 

1.  a  mineral  acid  or  |  apply  Gunsherg's  and  the  troiKieolin 
"2.  an  organic  acid    f  test  (p.  221). 

If  due  to  an  organic  acid,  apply  Uftelmaini's  test  for  lactic  acid. 

B.  Alkaline  test  for  carlMinic  acid  (ettervescence  with  mineral  acid), 

ammonia  (smell,  etc.),  caustic  alkali. 

The  following   Chemical  Tests  shotild  now  be  applied  to|Suitable 
Quantities  of  the  Solution. 

I.  For  Carbohydrates. 

1.  Apply  Trommer's  test. 

J.  Positive — indicates  monosaccharides,  lactose,  or  maltose. 

B.  Negative,  hut  complete  solution  of  cuprie  hydrate  ohtained 

on  adding  cau.stic  alkalie,  indicates  cane  sugar.  Confirm 
for  this  hy  iKjiling  .some  of  the  solution  with  a  mineral 
acid  for  a  miinite  or  so,  and  applying  Trommer's  test  to 
the  piwluct — leduction  indicates  cane  sugar.  The 
oiiginal  solution  will  also  taste  .sweet. 

C.  Negative,  and  no  sohition  of  cuprie  hydrate.     Ahsence  of 

monosiiccharides  and  disaccharides. 

2.  Add  Iodine  Solution. 

((()  a  hlue  colour  which  disappears  on  heating,  and  returns  on 
cooling  indicates  shiirh. 

(/()  a  port>wine  colour  which  disappears  on  heating,  and 
returns  on  cooling' indicates  Jcrtriu  or  ijlym/t'ii.  Confirm 
for  polysiiccharides  hy  heating  some  of  the  original  fluid 
for  ahout  fifteen  minutes  with  a  mineral  acid,  and  testing 
for  suifiir  in  the  hydrolysed  fluid. 
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To  distinguish  between  DextroBe,  Maltose,  and  Lactose. 

(1)  rromrc  osazone  crystals  (p.  417)  a.ul  exununo  un.U.r  the 

^        „,i;,oscop.— .lextr.m/....u.     gives     long     thu.     ..ee.lW : 

nialto.-«iz..ne,    .h..rt    thick   nee.lle. ;  laeto«i....ne,    nee.Ues 

of  vuryiiig  length  and  thickness  (Fig.  2«)6). 

(•>)  Barfoed's  reaction  may  also  Im  trie<l.     Dextrose  re<luces 

this  with  ease  ;  lacU.se  and  maltose  not  so  remhly. 

"■  T^^'thc  Bi«..  «««.».-(..)  A  vi„„..  c„l.,„r  i ,,.u, 

native  pn.toi.l.  m  .llmn,i„.,i.U ;    (6)  »  ro,e  pii.k  ...l.."., 

proteose  or  peptone, 
o    Applv  Millon's  and  the  Xantho-proteic  tests, 
'■    (,,)  A  well-marked  reaction  in.licates  proteids  of  Kossels  .Inl 
and  4th  groups.     (/-)  A  faint  reaction  (cmilm.e.   with  a 
distinct  biuret,  and  the  absence  of  coagv.lation  on  iK.ihng 
point.,  to  gelatine  ('ind  group).     {Co..fi.m  by  seen.g  if 
the  solution  gelatinises  on  cooling). 
If  the  Biuret  Test  gives  a  Violet  Colouration, 

A  Add  a  drop  or  so  of  dilute  acetic  acid  and  l^il-  /^ 
coaguhm»F>"'ts  to  native  proteids.  To  ascert^un  which 
of  these  is  present  (i.e.  albumin  or  globulin),  half  saturate 
some  ..f  the  solution  with  (NH,).,SO,.  A  precipitate 
imlicates  globulin;  filter;  if  the  filtrate  still  gives  a 
coagulum  on  boiling,  albumin  is  present  (for  <letails,  see 
p.  176). 
B.  Carefiilly  neutraUse  some  of  the  solution.  A  precipitate 
may  In- : 

1.  Alkali  albumin— originaU^^j^^.    precipitiite    re-dis- 
tluid  alkaline  '-solves  on  adding  excess 

•i.  Acid    albumin  —  original   ^^^  ,^^,^^^  ^^  .^jj^jiii. 
fluid  acid  -' 

3.  Nucleo  albumin— original 

fluid  alkaline 

4.  Mucin — original   fluid   al- 

kaline 

To  distinguish  between  Nucleo  Albumin  and  Mucin.-This  is 

possible  onlv  when  a  large  amount  of  these  lK.d.es  is  presei.t 

The  acetic  acid  precipiUite  is  collected  on  a  filter  paper,  washtd 

with  aci.lulat<3.1  water,  and  (hvi.le.l  into  two  jx-rtions  a  an.l  h. 

(a)  Boil    with    -M    pi-r  cent.    HCl   for    10    minutes;    co-.l ; 

neutralise ;  apply  Trommer's  test.     A  p.»sitive  reaction 

points  to  mtii-in. 


jiiecipiUte  does  not  dis- 
appear on  adding  a 
nuxierale  excess  of  acid. 
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(b)  Melt  in  a  crucilile  with  fusion  mixture ;   aft«r  the   ash 

cools,  dissolve  it  in  nitric  acifi  and  add  molylMlate  of 

ammonia  solution.      A  yellow  precipitate  on    warmin}{ 

indicates  Nuclein. 

If  the  Binret  Test  gives  a  Bose  Pink  Colouration,  add  a  few 

drops  of  concentrated  pure  nitric  acid. 

J.  A  white  precipitate,  which  clears  up  on  warminj;  and 
returns  o-i  coolinj^,  points  to  Proteose.  Confirm  by  the 
sidicyl  sulphonic  acid  test  (p.  1'70). 

If  proteose  he  present,  sjiturate  some  of  the  original 
fluid,   from  which  native  proteids  have  been  separated 
by  boiling,  with  sodium  chloride.    A  precipiuite  indicates 
primary  proteoses.     Filter  ami  add  a  drop  (tf  acetic  aci<l; 
a  precipitate  points  to  secondary  proteoses. 
B.  No  pre      itate  with  nitric  acid,  but  a  distinct  pink  l)iuret 
reaction  points  to  Peptone.     Confirm  by  siiturating  the 
original  Huid    with  ammonium   sulphate,    filtering   and 
applying  the  biuret  test  to  the  filtrate  (sec  p.  172). 
When  two  or  more  Proteids  are  present,  the  following  methotl  will 
Ije  found  very  useful. 

Add  a  few  drops  of  salicyl  sulphonic  acid  to  several  c.c.  of  the 
original  fluid.  A  white  precipitate  may  indicate  native 
proteid  or  proteoses.  Boil.  The  proteoses  dissolve, 
whereas  the  native  proteid  Injcomes  coagulated.  Filter 
hot.  If  a  precipitate  forms  in  the  filtrate  on  cooling,  it 
indicates  Proteoses.  Filter  oW  this  precipitate  and  apply 
the  biuret  test  to  the  filtrate.  A  rose  pink  colouration 
indicates  Peptone. 

III.  For  Fats. — In  watery  solution  fat  may  be  dissolved  as  a  sonp. 
The  presence  of  this  can  be  detected  by  pouring  some  of  the  original 
fluid  into  about  20  c.c.  of  20  per  cent.  H.^SO^  contained  in  a  small 
beaker,  and  h«ited  to  near  Iwiling  point.  If  soap  be  present  a  film  of 
fatty  acid  will  form  on  the  surface  of  the  fluid. 

IV.  The  following  substances  should  also  be  tested  for.  I.  Bile  salts 
— Pettenkofer's  reaction  (p.  2.'5.3) ;  II.  Bile  Pigments— Gmelin's  test 
(p.  234). 

\'.  Urea  (1). — Add  some  fuming  nitric  to  some  of  the  original  flui<l. 
Effervescence  points  to  urea. 

(2)  Repeat  with  hypobromite  solution. 

(3)  If  1  and  2  be  pf)sitive,  confirm  by  obtaining  urea  nitrate  c  -ystals. 
To  do  this  evaporate  about  30  c.c.  of  the  original  fiuid  to  small  bulk, 
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extract  reflidnc  with  six  tinu>«  itw  Inilk  of  incthyliitcd  spirit,  cvaiMiriitc 
this  extract  to  (Irviu'ss,  dissolve  rcsidiu"  in  HI  c.c.  distillc<l  water,  iiiiil 
add  to  the  resulting  fluid  a  few  c.c.  of  pnre  nitric  acid,  incanwhiln 
keeping  the  test-tulw  c(m)1  1»\'  holding  it  under  the  tap.  Crvstids  of 
urea  nitrate  separate  out  if  urea  is  present.  Kxaniine  under  micro- 
scope (Fig.   ir)4). 

VI.  Uric  Acid.   -Apply  Murexide  test  (p.  -.'oS). 

VII.  Blood  Pigment. — (1)  Kxaniine  liv  means  of  the  spectroscope. 
A,  the  original  fluid;  B,  the  sjune  after  reduction;  <\  the  same 
afti'i'  the  addition  of  cau.stic  alkali  and  heating.  Hy  this  latter 
meth<^l  alkali  haematin  is  formed.  This  itself  does  not  give  a  very 
distinct  altsorption  liand,  hut  if  a  reducing  agent  (NHJIS)  l»c  added 
t<>  it  haemochnmiogen  is  formed,  which  has  two  very  distinctly 
marked  hands  in  aliout  the  same  {XJsition  as  those  of  oxyhaemogloliin. 

('!)  Apply  the  guaiac  and  ozonic  ether  test  (p.  'JTO). 

When  it  is  desired  to  ascertain  whether  Ferments  be  present  it 
is  necessary  to  a<l<l  a  piece  of  coagulated  egg-white,  or  of  washed  tilirin 
to  the  original  fluid,  and  to  place  the  mixture  on  a  water  l>ath  heated 
to  ImkU-  temperature.  If,  after  an  hour,  the  digest  givi's  a  distinct 
proteose  reaction,  and  this  was  not  obtained  in  the  original  fluid,  the 
presence  of  a  proteolytic  ferment  may  he  assumed  ;  pepsin,  if  the 
original  fluid  react  acid,  and  trypsin,  if  it  react  alkaline.  If  pioteoses 
are  present  in  the  fluid  itself.  Melt's  methcnl  (p.  44H)  must  Ihj  employed 
to  identify  the  ferment. 

For  the  detection  of  Amylolytic  and  Steatolytic  ferments,  tlu; 
methwls  descrihed  on  page  'iKi  must  he  employed. 

For  the  detection  of  the  various  substances  which  may  <K:cur  in  the 
urine,  the  tests  and  reactions  described  in  chapters  xviii.  and  xix.. 
Part  II.,  must  be  applied. 

SOM  IMS   OF  APPARATUS   Usm   IX   CHKMICAL   PHYSIOLCKiY 

AND   :  OT  ALREADY   DESCRIBED. 

1.  Folded  Filter. — Where  rapid  filtration  of  sulutions  containing  proteiik  is 
necessary,  a  folded  filter  should  be  used.  This  is  made  by  folding  the  tiller 
paper  into  a  quarter  and  then  folding  each  <iuarter  inwards  on  itself,  so  that  each 
is  now  divided  into  two.  The  filter  is  then  completed  by  again  folding  each 
portion  in  a  direction  opposite  to  the  primary  folds,  by  which  means  the  paper 
folds  together  like  a  fan.  The  folds  are  pressed,  and  then  the  fan  is  opened  out, 
and  is  ready  for  placing  in  the  funnel  (Fig.  275). 

2.  Suction  Filter.— This  is  also  used  for  rapid  filtration.  A  strong  triangular 
flask  with  a  side  tube  is  fitted  with  an  indiarubber  cork,  through  which  tits  the 
stem  of  a  funnel.  The  funnel  is  provided  cither  with  ::n  nnlinarily  folded  filter 
p«per  made  of  specially  hardened  paper,  or  it  carries  a  small  perforated  porcelain 
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disc,  bevellcil  to  as  to  fit  the  funnel  accurately.  This  disc  is  covered  with  a 
circularly  cut  piece  of  HIter  paper  of  slit^htly  lar^^er  diameter  than  the  disc,  sn- 
that  its  iiiarf;iii  lies  ou  the  funnel.  A  suction  pump  (such  as  that  of  Buusen) 
is  attache<I,  hy  pressure  tubing,  to  the  side  tube  of  the  Hask,  and  the  fluid  to 
l)e  filtered  is  (mured  on  to  the  filter.  The  suction  causes  the  edge  of  paper  to 
adhere  to  the  gloMS  of  the  funnel,  and  the  Huid  filters  perfectly  clear. 

3.  Weighing  Filters.— These  are  employed  where  it  is  desired  to  weigh  a 
precipitate.  The  simplest  form  consists  of  a  small  hardened  filter  paper  which 
has  l)een  folded  and  placed  on  a  watch  glass  in  a  desiccator  for  several  hours,  so 
."s  to  dry  it.  To  weigh  it,  a  second  watch  glass  is  placed  over  the  one  holding  the 
filter  paper,  and  the  whole  is  transferred  to  the  scale  pan.  After  weighing,  the 
''sr  paper  is  fitted  to  a  small  funnel,  and  the  precipitate  collected  ^m  it  removed 
to  a  watch  glass,  dried  in  a  desiccator,  and  weighed  as  before.  The  iliHerence  in 
weight  gives  the  amount  cf  precipitate. 

Another  method  is  to  make  an  asbestos  filter,  dry  it  and,  after  weighing,  to 
filter  the  fluid  through  it  under  suction.  When  filtration  is  complete,  the  preci- 
pitate ix  washed,  dried  and  weighed.  An  asbestos  filter  is  made  in  the  following 
way.  A  piece  of  gh  i  tubing  of  lA-'2  cm.  diameter  is  drawn  out  to  a  tube  of 
about  3  mm.  width.  The  wide  portion  should  be  from  6-8  cai.  long,  and  the 
stem  almiit  4  cm.  The  neck,  where  the  stem  and  wide  portion  meet,  is  loosely 
plugged  with  cotton  wool  and,  above  this,  is  placed  loosely  packei'  asbestos  threads 
for  al)out  l-U  cm.  The  asbestos  should  have  been  previousl'  purified  by  heat- 
ing it  to  redness  and  cooling.  The  plug  of  cotton  wool  prevents  any  pieces  of 
a8l>estos  being  sucked  out  of  the  filter.  The  suction  pressure  employed  with 
these  filters  should  be  gradually  applied  as,  otherwise,  some  of  the  precipitate 
may  be  sucked  through  them. 

4.  Stfpaxating  Funnel.— This  is  used  for  separating  two  fluids  which  do  not 
mix.  In  physiological  chemisiry  it  is  Plainly  employed  for  separating  ethereal 
and  watery  solutions  from  one  another.  Its  shape  will  be  seen  in  Fig.  '27(>.  While 
shaking  ether,  it  is  necessary  frequently  to  open  the  tap  so  as  to  prevent  the 
stopper  lieing  blown  out.  Before  doing  this,  the  funnel  is,  of  course,  inverted. 
To  separate  water  and  ether,  the  funnel  is  placed  in  an  upright  position  so  as  to 
allow  the  water  to  sink.  When  a  sharp  line  forms  between  the  two  fluids  tlie 
stopper  is  removed  and  the  tap  turned  so  as  to  drain  otf  the  water.  When  nearly 
all  this  has  l>een  removed,  the  tap  is  almost  closed  so  that  the  outflow  may  be  the 
more  easily  controlled.  After  all  the  water  has  Iwcn  removed,  the  ethereal 
fluid  should  be  shaken,  whereby,  it  will  often  be  found,  more  water  separates  out. 

Desiccators  —There  are  various  forms  of  these.  The  two  types  represented 
in  Figs.  277,  C~'''  are  perhaps  the  most  useful,  the  former  being  employed  for 
desiccation  alone,  the  latter  for  desiccation  in  vacuo.  In  the  conical  under-part 
of  the  desiccator  depicted  in  Fig.  277  is  placed  some  highly  deliquescent  substance 
such  as  concentrated  sulphuric  acid  or  fused  calcium  chloride.  A  piece  of  wire 
gauze  is  placed  on  the  floor  of  the  upper  chamber,  and  on  this  rests  the  vessel 
containing  the  substance  to  be  dried.  A  glass  lid  with  ground-glass  edges  is 
fitted  on  to  the  ground-glass  edge  of  the  upper  chamber,  the  junction  being  made 
air-tight  by  smearing  the  applied  surfaces  with  vaseline  or  resin  ointment.  The 
other  desiccator  (Fig.  278)  is  provided  with  an  opening  whereby  it  can  be 
connected,  by  means  of  tubing,  etc.,  with  u  suction  pump.  The  delii(uescent 
substance  is  contained  in  a  vessel  placed  in  the  lower  chamber.      This  vessel 
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supports  the  wire  gauze,  ami  care  iiiUBt  W  taken,  when  moviii);  the  appdratui. 
thitt  no  at-id  cnmea  in  uoutaut  with  the  ^uuze.  The  indiaruhlier  tuliinc  connecting 
the  chamber  with  the  air  pump  ghouUl  be  provided  with  a  clasp,  «o  that  the 
<;haniber  can  be  disconnected  from  the  pump. 

Hot- Air  Bath  and  Water  Bath.— Tnc  forms  depicted   in   Figs.    -JT!),   •2H»t 
wiU  be  found  moat  useful  for  phyaiological  chemical  puriKijea. 


PERCENTAGE  AVERA(iE  COMPOSITION   OP  SOME  OF  THE  MORE 
IMPOKTANr  FOOD  STUFFS. 


(Adapted  from  various  sources.) 


Watkr. 


Beef  (best  quality) 

:•-' 

Biscuits 

H 

Bread  (wheaten) 

40 

Butter  (fresh) 

1-2 

■Cheese 

41 

Kggs 

-3o 

Fish  (salmon) 

76 

Fiali  (sole) 

86 

Flour  (fine  wheaten) 

IGf) 

Lentils 

12-5 

Milk  (cow's) 

88-9 

Mutton 

76 

Oatmeal 

ir> 

Peas 

ir>-6 

Potatoes 

74 

Rice 

10 

Protbids,   i    Fat«. 


21 

U 

lo 

1-3 

8 

l-> 

•2 

85 

28 

23 

l.-lo 

11-6 

15 

7 

12 

0-5 

1» 

1-5 

24-8 

1-8 

4-7 

3-.-I 

18 

•') 

i:) 

C 

22 

>> 

•i 

0-2 

5 

»»1 

Cakiio- 
iiyiikate.s. 


73-4 
49-2 


68-3 

.-.8 -4 

4-2 

63 

58 

21-8 

84-4 


Salts. 


1-3 

I 

I 

1-4 

2 

1-5 

<»7 

2-.i 

0-7 

1 

3 

24 

1 
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Flo.  275.— Folded  flitor. 


FiH.  276.— Si'paratinjf 


Fio.  J"?.— Desiccator. 


Fio.  27S.— betlccator  for  drying  in  vacuo. 
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Km.  S7!'.— Hot-air  l«nth. 


>g 


a. 


n 


^ 


Fi':,  -.'SO.— Water  tatli. 


Fm.  a!*!.— Mi;:wuriUj{  cylinder.         Kh:.  •.!S2.— Burette*. 


INDEX. 

PARTS  J.  AND  III. 
EXPEKIMENTAL  PHYSIOLOCn*. 


The  niinivralM  in  thick  ty|M>  imliaatt!  that  the  xuhjeot  '\»  illuntrateil  hv  ilikgriimii  ur 
tr»ciiit{N. 


Aberration,  spherical,  ll'i. 

chromatic,  \Vi. 
Alworptinii,  l.'iH. 
Acuoinmodatinii  <if  eye,  l)N)-l(k'i. 
Aerotoiiometvr,  399. 
After-imaged,  1 U), 
Air,  expired,  HI. 

residual,  41  Hi. 
Ametriipta,  114. 
Anelectrotuuus,  BO,  818-334. 
Anode,  :i 

etfect  of,  upon  the  frog's  heart,  00. 
Asphyxia,  138. 
Astigmatism,  112,  H(iS. 
Atropine  elfout  on  frog's  heart,  71,  72. 

"n  salivary  glands,  Vht. 
tx     cultation,  91. 

Bell's  law,  ;)62. 

Bernstein's  experiment  on  heart,  .3.35. 

Bi  ilermann"'-  lo'ution,  .'Uhi. 

experimei  \  .jiO. 
Blind  spot,  i07. 
Blood,  m. 

corpuscles,  nuinl>er  of,  S". 

specitic  gravity  of,  SS. 

pressure,    l-2(>,    128,   131,    133,    133, 
134,  138,  XVi. 

gases,  14N,  \m.  397,  403,  406. 

oxygen  capacity  of,  40S. 

mass  of,  40K. 
Brain,  frog's,  94. 
Break  extra  unrrent;  ! !. 

Cannula,  arterial.  137. 

tracheal,  139. 
Carbon  monoxide  poisoning,  406. 


Cardiograph,  79. 

Cardio- pneumatic  movements,  .'U.'i. 
Cerelwllum,  ett'ects  of  removal  of,  '.(."i. 
Cerebrum    (cerebral    hemispheres), 

effects  of  removal  of,  1)4. 
Chloroform,  effect  on  frog's  lieurt,  74. 

effect  on  frog,  96. 
Chronograph,  33. 
Circulation  of  blood,  proofs  of,  1 19. 

artiticial  scheme  of,  rJO,  131. 

velocity  of  flow,  133,  391. 

influence  of  gravity,  l'.!4,  134. 

time,  |-i6,  :19I. 
Clonus,  96. 
Colour,  complementary,  .176. 

sensations  of,  3TU. 

blindness,  379. 
Contracti  >n  of  muscle,  single,  il,  38, 
394. 

isotonic  and  isometric,  'J90. 
Contraction  remainder,  .'IN,  39,  44. 
Contraction,  secondary,  'rl,  83. 

voluntary,  .104,  361. 

paradoxical,  314. 
(,'oril,  spinal,  effects  of  removal  of,  9,'>. 
Cornea,  action  of,  99. 
Corpora  striata,  ett'ects  of  removal  of, 

9.-). 
Curare,  4S. 
Current  of  action,  T^^,  331. 

injury,  51,  333. 

Daniell  •■(•11,  3. 

Demarcation  current,  .')l,  331. 
Depressor  nerve,  133,  348. 
Dioptre.  368. 
Drum,  recording,  18. 
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|)u  Hoi*' Kv)  iiu'-'iri  ki'v,  4,  B. 
law  III  vxviUti-  I,  H'24. 

Vmt,  iliuoctinn  of,  .IM.^. 
Klaiitiuity  of  muicle,  3S1. 
KlectriHlva,  •. 

IMiluriwttion  of,  .'tl'J. 

un|MiUriMilile,  313, 
KlfctriiiiiftiT,  I'npillniy,  334. 
Kli'i'troniotivf    propfrtirH  of    inuic'lr 

anil  nerve.  .*il,  .TMI. 
Kiiinietropia.  I  i:i. 
Kiiipi'imtliotiiiiuii,  Ihi, 
KiiKfliiiaiiirH  «'x|H'riiiit'iit  on  Hiirtoriiin, 
;fj!>. 

on  heart,  .TCi. 
Kr^oKruph,  305. 

Ktliir,  I  tleil  on  ttiin's  lieart,  7"i. 
Kye,  iliKHei-tioii  of.  '.IT. 

Kiihm-'8  artiticial,  tis,  99. 

refrartiii^  nieiliu  of,  !)H. 

aci'iiinmiiilation  of,  I<ni.  lu'i. 

optical  lUfectN  of,  I IJ,  .Itill. 

liieoliuiiiMii  of,  :i(i4. 

"  leilnieil,"  .S(!."i. 

KiiradiL'  »hoc'kn,  I 'J. 
FatiKMe,  :\S,  39,  304  310. 

vtt'vKt  of     '  ciiUtion   of  blood  on, 
30e-30)> 

alisetice  of,  m  iiervi',  .'W<l. 
Krriiiitus.  vocal,  )Nt. 

(ialvani'a      experiment,     contraction 

without  metala,  03. 
<ialvanomet«ra,  333. 
tiaa  unalyHia,  apparatua  for,  143,  143, 

144. 
(iaaeH  of  hlootl.  I4M,  lo<).  397,  403,  406. 

piinin  for,  149. 
(iRskelVs  clamp,  34S. 
(iraeilia  expt-rinifUt.  314. 
(iraviiv,  intliienee  of,  on  circulation, 

I -.'4,  134. 

Haeinacytonieter,  'riionia-Zeis's,  87. 
HueniogloliinonK'ter,      (iowers-Hul- 

(Taiic,  86. 
Hearin^t,  'As'i. 
Heart,  fio>;'8,  anatomy  of,  S4. 

contraction  of,  .V). 

etieit  of  tenipeiatiire  on,  .Vi,  61,  62, 
.•«.{.  ;i4ti.  347. 

I)eal.nietli(nl9<if  reconlinj;, 89. 60.61. 

^'anglia,  68. 

Hheep's.  iliasection  of,  7l>. 

valves  of,  7!*,  ."U-'i. 

soiinils  iif,  SO. 

imijnetric  conTsctioo  of,  337 

latent  time  of,  XiH. 

refractory  perio<l  of,  ;i3!t. 

effect  of  tlistilled  water  on,  341. 

tortoise,  344. 


Ilrikrt  elainp,  ttnakcH'H,  34B. 
nerv  en  of,  348. 

work  »f,  :i:«i,  :<i)i. 

output  of,  Htl.'t. 
Heat,  reuulation  of,  W,  4 It). 

louof,  93,  41)). 
Hclmholtz,  arrauKcnient  for  ei|nali*a- 
tiou  of  make  anil  hreak  iuiluceil 
currentH,  13. 
Hooke'a  law,  -JS'J. 
Hoiopte,,  :lN'J, 
llyo^liwHUa  miiHcle,  .'U). 
Ilyperuictropia,  114,  .'ilH). 

liimKea,  I'urkinje  •'^aiiKon,  lO'J. 
ImpuUe,  eanliac,  711.  81,  .'LM. 

nervoiiH,  rate  of  tranHmiaMion  of,  .'HO. 

nervoua,  rate  of  iliacliar):f  of.  389. 

nervoua,  truiitiUiijhi'in ',■  iiotniliu" 
til>ll^,  314. 
Intlueeil     currentH,     ei|iiaiii<ution     of 

make  ami   hieiik.   13.  13. 
Iiiiliictioncoil,  8, 
Iniluction  ahockM,  It), 
Inhiliitiiiu  of  fro^'a  hei.rt,  67,  68,  70. 
Injury  current,  .V_',  333. 
luHpiration,  K!l, 
InHpection  of  tliorax,  80. 
Inteatino,  movementM  of,  I.Vi, 
IriK,  action  of,  KM), 
Irrailiation,  '.i'it. 
I»omotric  contraction,  iBH). 
laotonic  HolutionH,  MtJ. 

contraction,  'i1)tl, 

Katelectrotonua,  81,  318-334, 
Kathode,  .'<. 

effect  of,  u|K)n  the  frog's  heart,  81. 
Keys,  4, 

Kidney,  volume  of,  394, 
Kymograph,  18,  131. 

Latent    ]>«;riod    nf   muHCular   coi>ti  ac- 
tion, •2ti. 
Law    of    excitation,     Uu      liois  Key- 
miiiiii'H,  '.t2i. 
contraction.  I'Hiiger's,  335. 
specitic  energy,  MuUer,  'MM. 
Hell  and  Majendie,  •.WI. 
Talbot  and  Plateau,  :i''2. 
H.M.ke.  ■_>*_>. 
Lens  crystalline,  action  of,  !•!). 
change.-!  ill,  during  accomniodiition, 
UK)- III.'), 
Levers  for  muscle,  17, 
Lippmann's    capillary     electrometer, 

334. 
Load,   effect  upon  muscular  contrac- 
tion. 30,  37.  380. 

Manometer,  mercurial,  138,  139. 
Hiirthle'g  spring,  388. 
Hiirthle'a  ditTerential,  389. 
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Muller'a  Uw,  :V>H. 
Miirmnr,  vvHuular,  ftl. 
Mnicarinn  i-lf«ct  on  heiirt,  Tl. 
MuiL'le,   iti<lt'|)en(l«>iit  cxcitalnlity  of. 
4H.  tie. 
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ai'tioii  of  ili>tilU'il  wall  r  on,  :U)I. 

action  of  milU  on,  .'0(1. 

notion  of  ■■oniitant  elect I'it'ul  ciirn'iit 
on,  :t'is. 
MuNvli-  timl   neni-,  pr«|>uration,    II. 

16. 
.Miixclt-  lever,  IT. 
.MiiRi'lfK  of  tlif  fro^'o  \vii.  18. 
Mum-iiliir  I'ontrartion.  -°.'. 

slioitenili;;  .liiriii^',  -"I 

work  (luring,  'J1),  .'<(i,  3U. 

conilitionii  atli'ctinK.  'M.  .'W,  Xt. 

rt.i\  un<l  HJiitc  nuiHL'k'ti,  'Jll.  30 

etfect  of  ttni|>enitnrt>  on.  .°<'J.  33. 

eticut  of  loail  on,  30.  37,  aSS. 

effect  of  fatigue  on,  ."{S,  39. 
.Myograph,  16,  17. 

iprin((,  399. 

punilulum,  :<00. 
Myopia,  ll'>,  'MW. 

Nerve,  propertif*  of,  44. 

eleutriotil  iitlmulation  of,  4f<. 

mechanical  stimiilation  of,  4T. 

thermal  stimulation  of,  47- 

chemical  atiniulation  of,  47. 

relation  between  luiiBcle  ami,  4H. 

electromotive  propcrtieM  of.  ."il.  330. 

vago-Hympntlietic,  li*),  66,  67,  66,  69. 

inipulae,  rateof  tranitmi.s»ioM<it',  310. 

(lepreagor,  133,  346. 

clionla  tynipuni,  1B4. 

vagUH,  (liSNcction  of,  348. 

vagus,    stinnilation    o).   66,    67,   68. 
131,  133,  140. 

effect  of  temiHTature  (jn,  316. 

effect  of  varlKtu  tlioxide  on,  317. 

effect  of  ether  and  chloroform  on, 
317. 

effect  of  conHtant  electrical  current 
on,  318. 

cervical  Hympathetu'.  348,  .Vmp. 

Hpecitie  energy  of,  H,").S. 

roots,  funetion.s  of,  .'Hi'^. 

vaso-viscero,  ;<!Mi. 

pilo-motor,  .■)!«). 

Hweat,  41.3. 
Nervous  system,  central,  94. 
Nicotine.  73.  74.  hV>. 

Oncometer,  394. 
Opl.thalniometit,  366. 
Ophthalmoscope,  117. 


I'vrcnxiiion,  !N(. 

I'erfUNMin  of  IiIihhI  vpHela,  :W*i. 

I'eriearilium,  'Mt'X 

Perimeter,  ll.'t,  116. 

I'Hittter'ii  law  of  contraition.  398 

rh<kk<»<ci>|H'.  103.  1(K. 

IMiiMphi  lien,   liHt. 

I'hotohueniatoclionii'ler,  391. 

I'ilocarpine.  4111. 

I'lethv^mo^'iapli.  343.  394.  3«6. 

I'olil  K  icvcr»i  r.  S 

I'rrxliyopiu,  1 1."!. 

I'loniiti',  lilooil.  in  Uiaii,  ^1. 

Iilood,    I-.11.   138,   134.    13B.  :t.*i:i.  3SB, 
395. 

intrai  ardiui',  388.  390. 

intra  thoracic,  141. 

ttlmoKpherii',  elliils  of  <haii,;i'<   in, 

I'i'U-,  Ml,  83,  :c.i. 

I'limp,  lii'iml  ga!-,  149. 

air,  397. 
I'm  kiiijr  >^itiiioii  inia^en,  l(i'J 
1'urkiii.je'M  tiginex,  |iNl. 

Reaction  time,  357. 
Itecoi'der,  lelloWM,  363. 
I!ee<l  vibratiiig,  4'J,  43 
Ketle.\,  94. 

Uefractury  period,  vtdiinUirv  niuKcte, 
4i  ■ 

of  heart,  (i4,  .'{.'<!•. 
Refraction,  errorH  of,  113. 
Reveraer,   I'ohl'M,  5. 
Rheochord,  7. 
Hheoscopic  frog,  .VJ. 
Respiration,  movements   of.  Hit.   136. 
137.  139. 

pumping  action  on  bliKxl,  130. 

centre  for.  I4tl. 

ap[>aratii8,  145 

in  tissues,  i*t2. 
Respiratorv  i^xcliange,  I  tH.  146. 
Retina,  Ulii. 
Kiiiiicr's  solution,  .Sii.'t. 
Uitti-rs  tetanus.  ;t_'.">.  337. 

S.ilts,  action  of.  on  muscle,  littl. 

heart,  341. 
.Saline  solution,  normal.  ."tirJ. 
Salivary  glands,  di.ssection  of.  154. 
Sanson-l'ui  kinjc  ini.iv'es.   lit"J. 
Sartiirius  e.\pei  iniciit.  314. 

clam(>ed,  :t'JM. 
Xcheiner  8  experiment.  HH. 
Secretion,  salivary,  l.">;<. 

gastric,  156. 

pancreatic,  l.'iti. 
Scns;itirinH,  Ct.'tS,  ;i7t*,  •{H.'>. 
Shatter  curves,  'JS. 
Sino-aurieular     junction     of      frog's 

heart,  stimulation  of,  70. 
Skin,  sensibility  of,  Xi9. 
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Smell,  .-{.TO. 

Sounds,  bronchial,  91. 

cardiac,  HO. 
Specific  gravity  of  Itlontl,  88. 
Spliygmograph,  Marey's,  83. 

Dudgeon'a,  83. 

Jacijuet's,  83. 
Sphygmograin,  83,  84. 
Spliyginonieter,  SB. 
Sphygmoscope,  388. 
Spirometer,  138. 
Stannius   experiment    on    heart,    83, 

338. 
"Stair-case"     effect     in     voluntary 
muscle,  40. 

cardiac,  339. 
Stethograph,  136. 
Stimuli,  minimal  and  niaxiiiial,  19,46. 

successive,  40,  41. 

summation  of,  396-300,  340. 
•Stomach,  movements  of,  181. 
Stromiihr,  133. 

Strychnine,  action  of,  9«i,  360. 
Sunimuticn  of  contraction,  41,  42. 

of  Ktimuli,  396,  300,  340. 
Suprarenal  extract,  34-2,  385. 
Sweat,  413. 

TallKJt- Plateau  law,  .S72. 
Tambour,  recording,  139. 
Taste,  .S,-»H. 

Temperature,  effect  on  muscular  con- 
traction, .S2,  33. 

effect  on  heart,  oo,  61,  63.  MS,  M(i, 
347 

of  bodyi  92. 

effect  of  anaesthesia  on,  O.S. 
Tetanus,  genesis  of,  40. 

incomplete,  44,  48. 


Tetanus,  complete,  44,  46. 

secondary,  Xi. 

compared  with  single   contraction, 
394. 

Ritter's,  325,  337. 
Thalanii,  optic,  effects  of  removal  of, 

9.». 
Thermo-electric  needle,  411. 
Thermometer,  411,  412. 
Thorax,  inspection  of,  89. 
Tuning-fork,  22,  33. 
Tiirck's  experiment,  95. 

Unipolar  excitation,  21. 

Vagus  (vago-sympathetic),  diHsection 
of,  in  frog,  (i5,  66,  69. 
stimulation  of,  effect   on   heart   of 

frog,  66,  67,  68. 
influence  on  respiration,  131,  140. 
influence  on  arterial  pressure,  133, 
Vaso-motor  system,  125,  354,  IVWi. 

centre,  140. 
V'eratrine  action  upon  muscle,  .30,  31, 

396. 
Vision,  97,  .304. 
flehlof,  II.-.. 
binocular,  3S0. 
Vital  capacity,  1.38. 

Water,   distilled,   action  on  muscle, 
301. 
action  on  heart,  341 
Work  done   by   muscle   during   con- 
traction, 2t»,  30,  28.-.. 
by   heart  during  contraction,   336, 
.391. 

Yellow  siwt,  108. 
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PARTS  II.  AND  IF. 


PHYSIOLOGICAL  CHEMISTK\. 


The  numerals  in  thick  tr)ie  imlicate  that  the  Hiil)ject  ix  illuhtrateil  hy  tigureH. 


Acetone  in  urine,  277. 
Acid,  nucleic,  17!l,  4'M. 

fatty,  180,  4:«. 

houiogentisinic  acid,  'J7H. 

palmitic,  ISO. 

glycuronic,  "278. 

stearic,  18*1. 

oleic,  181). 

lactic,  -207,  44.S,  44."). 

carnic,  'it»7,  444. 

inosinic,  207. 

phosphoric,  "iO". 

liydrochloric,  tests  for,  '220,  444. 

a8parti<;,  '2M). 

cholalic,  •£Vi. 

uric,  254,  987,  400, 

hippuric,  26<),  4.">!). 

aceto-acetic,  277. 

glycocholic,  2%t,  4.'>.'<. 
Achromlextrin;  218. 
Acrolein,  182. 
Adenin,  255. 
Albumin,  17<).  42fi. 

crystals,  171. 
Albuminates,  177. 
Albuminoids,  175,  428. 
Albuminuria,  208. 
Aldoses,  l«l,  41». 
Alloxan,  25.i,  459. 

Alloxuric  bodies,  2<N),  4.S!),  441,  461. 
Aniido  acids,  227,  451. 
Ammonia  in  urine,  2ti2,  406. 
Amylopsin,  2.31. 
Analytical  tables,  479. 

Bence  Jones'  albumosuria,  271. 
Bile,  composition  of,  232,  452. 


Bile  saltH,  2;<:{,  4.VJ. 

pigments,  2.')4. 
Kiuret  reaction,  172. 
Blood,  189. 

clottiuK  of,  189. 
Bread,  21.1,  449. 

making  of,  2 IX. 

Carbohydrates,  I  til,  417. 
Carnic  acid,  207,  444. 
Caseinogen  and  casein,  187,  437. 
Cereals,  compoxition  of,  212. 
Cholesterin.  I8,S.  184,  235,  4m. 
Chyme,  22.5. 
Collagen,  175,  428. 
Colloids,  170. 
Colostrum,  189. 
('orpuscles,  red  blocxl,  193. 
Creatine,  2<l.">,  306,  2(il,  439. 
Creatinine,  205,  2til,  463,  464. 
Crystalloids,  I70. 
Cystine,  266. 

Desiccator,  484. 
Dextrose,  164,  417. 
Dialysers,  171. 
Diet,  209. 
Digestion,  214,  444. 

in  mouth,  217. 

in  stomach,  219,  44<i. 

in  intestine,  225,  450. 

bacterial,  '2lUi,  4.52. 
Dupru's  urea  apparatus,  349. 

Kck's  tistula.  25.3. 

Kggs,  uompoKition  of,  211. 

Klaatiu,  429. 
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Kmiilsification,  lK-2. 
Erythro-dextriD,  218. 
Ksbach'g  ulbuminometer,  371. 

Faeces,  2.1!t. 

Fats,  \m,  4.^-2. 

Fehliug'g  test,  273. 

Ferments,  organiseil  and  unorganiHed, 

214. 
Fornientation  teat  for  sugar,  374,  424. 
Fibrin,  1«1. 

ferment,  MM),  47«. 
Fibrinogen,  191,  476. 
Filters,  «83. 
Flour,  2 1 2. 
Foods,  208,  449.  485. 

changes  in,  during  digestion,  237. 

Galactose,  164. 

<:elatin,  175,  429. 

Gerrard's  urea  apparatus,  349. 

(ilubulins,  176. 

Gluco-proteids,  178,  429. 

Glucose,  164,  417. 

Jilycin,  233. 

Glycogen,  168,  424. 

Glycosuria,  271. 

Gmelin's  test,  234. 

Guanidin,  440. 

Guanin,  255. 

<jUnzberg's  reagent,  221. 

Haeniatin,  193,  202. 
Haematoporphyrin,  203. 
Haematuria,  276. 
Haemin,  196. 
Haemochromogen,  203. 
Haemoglobin,  193,  194,  476. 

and  derivatives,  196. 
Haemoglobinuria,  276. 
Hay's  test,  2a3. 
Hexone  bases,  170,  231. 
Hexoses,  417. 
Heller's  test,  270. 
Hippuric  acid,  260,  459. 
Histones,  178. 
Hypoxanthin,  207,  255,  439,  449. 

Indol,  227,  452. 
Inversion,  165. 
Invertin,  216. 

Juice,  gastric,  220,  444. 
pancreatic,  226,  450. 

Keratin,  429. 
Kutoaes,  163,  419. 
Kjeldahl's  method,  242,  455. 
Krcsol,  227. 

Lactic  acid,  207,  443,  445. 
Lactose,  165,  187. 
Laevulose,  164. 
Lecithin,  183,  235,  434. 


Legal's  test,  452. 
Leucin,  227,  339,  451. 
Leucocytes,  chemistry  of,  193. 
Licberkuhn's  jelly,  177. 

Maltose,  165. 
Mass-inriuence,  221. 
Meat,  449. 
Meat  extracts,  450. 
Metabolism,  470. 
Mcthaemoglobin,  201. 
Milk,  18.5,  4.S6. 

proteids  of,  186,  4.38. 

sugar  of,  187,  43tl. 

fats  of,  188,  438. 

salts  of,  188,  439. 
Millon's  reiu:tiou,  172. 
Monosaccharides,  161. 
Mucin,  178. 
Mucinoids,  429. 
Mucus,  217. 
Murexide  teal,  2.'>8. 
Muscle,  proteiila  of,  204. 

extractives  of,  205,  439. 

Nitrogen,  estimation  of,  242,  455. 
Normal  solutions,  244. 
Nucleins,  179,  430. 
Nucleo-albumiu,  179,  4.30. 

Olein,  180,  433. 

Osazone,  418. 

Oxalate  of  calcium,  366. 

Pancreatic  digestion,  225,  450. 

Pentoses,  417. 

Pepsin,  222,  448. 

Peptone,  177,  224. 

Pectenkofer's  reaction,  233. 

Phenol,  227. 

Phenyl  hydrazine,  274,  417. 

Phloridzin,  272. 

Phosphorus,  detection  of,  431. 

Plasma,  189. 

Plattner's  crystalline  bile,  453. 

Polarimeter,  421,  433. 

Polarisation  of  light,  420. 

Polysaccharides,  166. 

Protamines,  175,  428.   . 

Proteids,  109,  426. 

classification  of,  175,  428. 

tests  for,  172. 
Proteoses.  177,  447. 
Ptyalin,  218. 
Purin  bodies,  254,  259. 

Quadriurate,  256. 

Quantitative    estimation    of    general 
metabolism,  470. 

Reducing  power  of  monosaccharides, 

163. 
liennin,  186,  225. 
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Saccharimeter,  4'21. 
8alicyl-8ulphonic  acid  test  for  albu- 
min, 270. 
•SaponiKcation,  IKl,  433. 
Sarcolactic  acid,  4tf . 
Serum,  IHtt. 
Skatol,  •J27.  452. 
Soap,  IH-J,  433. 
^lutions,  normal,  244. 
Spectra,  199,  303,  4:<>. 
Spectropliotometer,  477. 
SpectroBoope,  197. 
Starch,  Ili7. 
Steapsin,  231,  4ol. 
Sugar,  grupe,  lti4,  417. 

cane,  16.'i,  417. 

milk,  l()o,  417. 
Sulphocyaniile,  218. 
Syntunin,  177. 

Taurin,  2.%3.  4M. 
Thrombin,  191. 
Titration,  24.5,  45fi. 
Tropaeolin  test,  444. 
Tromraer's  test,  273. 
Trypsin,  226,  4.")0. 
Tryptophan,  452. 
Tyrosin,  227,  339,  450. 

Uffelmann's  reagent,  188. 
Urates,  264. 
Urea,  246.  457. 
nitrate,  347. 


Urea  oxalate,  347. 

quantitative     estimation    ot',    349, 
458. 
Uric  aciil,  254,  367,  4,")!). 

quantitative     estimation     of,    2*>!), 
460. 
Urine,  iiuantity  of,  2;i(t. 

speuihc  gravity  of,  24ii. 

reaction  of,  24(1. 

colour  of,  241. 

uoinposition  of,  241. 

total  nitrogen  uf,  242,  455. 

origiu  of,  250. 

inorganic  salti  of,  2t!2,  4<)7. 

deposits  in,  264,  360-369. 

pathdlogit^al,  268. 


sugar  in,  'J< 


I.  274. 


blood  in,  276. 
bile  in,  277. 
acetone  in,  277. 
chlorides  in,  468. 
phosphates  in.  468. 
sulphates  in,  46i). 

Vegetables,  449. 
Vitellin,  211. 

VVevl's  reaction,  261. 
Wheat,  212. 

Xanthin,  2<»7,  255,  439. 
Xanthoproteic  reaction,  172. 
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